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APPROVED 
RESPIRATORY 
PROTECTIVE 


EQUIPMENT 


Since the very beginning of the war on 
occupational diseases of the respiratory 
system, Willson has cooperated wit 

outstanding authorities to overcome the 
hazards contributing to such ailments. 
Through continuing research, many 
respiratory protective devices have been 
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Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines requirements. Tests are made in 
initial experimental stage and also on the production line 
at regular intervals to insure quality and uniformity of 
the product. 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our industrial hygiene laboratories. 


developed and perfected to filter out 
dusts, fumes, mists, gases and vapors 
found in industrial atmospheres. Today, 
more U. S. Bureau of Mines approvals 
have been granted to Willson Products, 
Inc. for such equipment than any other 
manufacturer. 


Dependable Products Since 1870 
WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 
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hay fever... 


Neo-Synephrine acts quickly to relieve the distress of hay fever, shrinks the engorged 


mucous membranes, checks hypersecretion, permits free breathing and promotes comfort. 
excellent tolerance 
It is notable for § relative freedom from compensatory congestion 


lack of appreciable interference with ciliary action. 


Its effectiveness is undiminished by repeated use—insuring topical relief throughout 
the hay fever season. 


NASAL USE OPHTHALMIC USE 


Ya% solution (plain and aromatic), 1 oz. bottles; Ve % low surface tension, aqueous solution, isotonic 
1% solution, 1 oz. bottles; 42% water soluble jelly, with tears, V2 oz. bottles. 
% oz. tubes. 


New 13,.N. Y. Winpsor, 


'NEO-SYNEPHRINE, TRADEMARK REG. U. S.& CANADA. 
‘BRAND OF PHENYLEPHRINE 
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Socler here is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 
ASSOCIATION— 


CASIL PROTECTIVE SKIN CREME 


It is quick and easy to apply. The Protective film guards the skin and 
it washes off in water. No dirt—pigments—or paints can touch the 
skin when CASIL PROTECTIVE SKIN CREME is applied properly. 
Less than .5 of 1% free alkali. 


Thirty days or monthly buying suggested. Price $8.50 per case of 
4—5 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 
(exchange is University). 


THE DERMO COMPANY 


POWDERED SOAP 


“Yours For Enjoyment.” 


A delicious food and dessert 


ESQUIRE ICE CREAM INC. 


2700-08 PARK AVE. e ST. LOUIS 4, MO. 


LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 


DUSTER 
| ‘0 FAVOR 
| 
| 
| Lightfoot 
| 
| 
| 
| 
wo BY 


YOU, Doctor, are the best judge, so 


BELIEVE IN 
YOURSELF’ 


With so many claims made in cigarette advertising, 
most doctors prefer to judge for themselves. 
So, Doctor, won’t you make this simple test? 


Take a Morris— 
and any other cigarette. Then, 


Light up either one. Take a puff—don’t 
inhale—and s-l-o-w-l-y let the smoke 
come through your nose. 


Now do exactly the same thing with the 
other cigarette. 


Then, Doctor...BELIEVE IN YOURSELF! 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Ine. 
100 Park Avenue, New York 17, N. Y. 
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In Soft tissue Infections: “Terramycin was used in [101] soft tissue 


infections and proved to be of great value... 


Where the terramycin was used intravenously 


with the proper diluent, no instance of chemical 
phlebitis occurred....Where surgical intervention 
was used in conjunction with terramycin, the 
decrease in morbidity was marked and noteworthy 
... That terramycin has a wide and useful area 

of great value in the treatment of soft tissue 
infections is beyond question.” 


Wright, L. T., et al: Antibiotics and Chemotherapy 
1:165 (June) 1951. 


CRYSTALLINE TERRAMYCIN HYDROCHLORIDE 


avatlable Capsules, Elixir, Oral Drops, Intravenous, 
Ophthalmic Ointment, Ophthalmic Solution. 


ANTIBIOTIC DIVISION CHAS. PFIZER & CO., INC., Brooklyn 6, N. Y. 
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METHYL BROMIDE FUMIGATION AND CONTROL 
IN THE DATE-PACKING INDUSTRY 


FRED R. INGRAM, M.S. 
BERKELEY, CALIF. 


NE COLD December day, about six years ago, in a Southern California date- 

processing-and-packing house employing some 150 men and women, a number 
of employees were stricken with varying degrees of illness. Fifteen required medical 
aid, and two of these were adjudged temporarily insane. The diagnosis was methyl 
bromide poisoning. Throughout the district, where many date-packing houses were 
in operation during the month, more than 50 cases of methyl bromide poisoning 
were reported. On inquiry it was estimated conservatively that altogether more than 
200 employees of these packing houses were made ill by inhalation of methyl bromide 
gas. In one packing house two men became violent and were placed in jail, since 
the police thought that they were marijuana addicts. Later they were taken to the 
county hospital, and the fact that they had been employed in a packing house and 
had been using methyl bromide was brought out. With this history, in conjunction 
with the symptoms, methyl bromide poisoning was diagnosed. 

Owing to its low absorption, high penetrating power, and low cost plus its high 
toxicity for insects in all stages of development, methyl bromide is used extensively 
as a fumigant. It is highly toxic to humans, the symptoms produced varying with 
the severity of the exposure. Methyl bromide poisoning manifests itself in several 
ways, depending on the type of exposure. The liquid, if spilled on the skin, evapo- 
rates immediately, producing a cool, but not cold, or stinging, sensation. Repeated 
applications, however, of small quantities or single applications of large amounts 
cause a sensation of burning or tingling shortly after exposure. In more severe 
cases this is followed by numbness or aching pain. The skin at first is red and slightly 
swollen, and in two to 10 hours blisters are likely to appear. As the blisters and 
dermatitis heal, there is considerable peeling of skin. 

Poisoning as a result of inhalation of the gas may be either acute or chronic, and 
each type may be fatal. With a large single exposure an employee may quite 


promptly feel headache, dizziness, and nausea, and may go on to show fever, cough, 
and difficulty in breathing, frothing—even to blood spitting, and unconsciousness. 
After smaller exposures the onset of symptoms may be delayed several hours. 


Recovery may take place in two to six days. However, long-lasting or permanent 
mental and nervous changes may result. 


Mr. Ingram is Chief Engineer, Bureau of Adult Health, California State Department of 
Public Health. 


Presented at the Annual Meeting of the American Association of Industrial Physicians and 
Surgeons, Atlantic City, April 24, 1951. 
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Chronic methyl bromide poisoning may show itself as headache, dizziness, 
slightly blurred vision, and/or numbness and other nerve changes in the extremities. 
With continued exposure there may be abnormalities of movement, delirium, and 
mania; breathing difficulty, with cough, and epileptiform seizures have also been 
reported. Change of personality should especially be noted as possibly indicating 
poisoning, and the appearance of “drunkenness” several hours after work in an 
exposed employee who denies the use of alcohol should arouse suspicion of methyl 
bromide inhalation. 

Diagnosis is difficult and is based partly on a previous knowledge of the patient, 
partly on prompt medical examination and observation, and, if possible, on blood 
and urine tests performed by a competent chemist. 

Because of the large number of employees who were reported ill at one time in 
the date-packing industry, supposedly from methyl bromide exposure and the severe 
effects of this gas, an investigation of the entire industry was inaugurated by the 
Bureau of Adult Health of the California State Department of Public Health. The 
purpose of the study was to learn of the uses and the methods of handling methyl 
bromide as a pest-control medium and to advise, as a result of the information 
obtained, on practical and economical control measures. Mr. Albert Bush, industrial 
hygiene engineer with the Bureau of Adult Health, was assigned to the problem, 
and he was instrumental in obtaining air samples and working out control methods. 

Surveys were made in some 40 plants, with eight plants being tested in detail, 
to bring out any apparent pattern of the sources of exposure to be expected. Two 
testing instruments were used. The halide torch, which indicates semiquantitatively 
the amount of methyl bromide present by the depth of flame color change, was used 
for instantaneous or spot checking to point out potential danger areas. The Willson 
halogenated-hydrocarbon apparatus’ was used to measure average or integrated 
concentrations of gas over a period of time. In this apparatus halogenated hydro- 
carbons are decomposed by heat and converted to the respective halogen acid, which 
is collected in alkaline solution and subsequently titrated. By calculating back, the 
amount of methyl bromide in the air is determined. 

The fumigation facilities encountered in the industry included some poorly and 
some well constructed enclosures ranging in capacity from 500 to 3,000 cu. ft. (14 
to 85 cu. m.). The average size and nearly the median size was 1,000 cu. ft. (28 
cu. m.) volume. Some fumigation was done by spreading canvas over the stacked 
crates of dates and introducing the fumigant into the area under the canvas. The 
amount of methyl bromide used in the dosing chambers was, as a general rule, about 
1 Ib./1,000 cu. ft. (16 gm./cu. m.) of chamber space. Space taken up by the fruit 
was neglected in both these and our later calculations. 

We found that dosing was accomplished either by releasing the prescribed 
amount of methyl bromide from 50-Ib. drums or pressure cylinders or by using 1%4-lb. 
or 1-lb. cans. When cans were used, they were inserted over a special puncturing 
device which held the can in place and allowed the gas to enter the chamber through 
a small flexible pipe. The usual fumigation concentration was approximately 4,000 
parts per million (ppm). The chambers were left closed overnight and in the morn- 
ing were opened into the workroom; thus residual methyl bromide was allowed to 
escape into the workroom atmosphere. 


1, The manufacturer is Willson Products, Inc., Reading, Pa. 
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In practically every plant the fumigation chamber, when one was provided, 
opened directly into the processing room, and none was equipped with an adequate 
exhaust system. Some attempt was made to dissipate or dilute the gas by the pro- 
vision of pedestal-type fans and by the use of vacuum-type vaults. In the latter 
case, the chamber was evacuated as much as possible, the gas was introduced, the 
overnight fumigation took place, and in the morning, when the chamber doors were 
opened, the inrushing air was supposed to dilute the concentration io a safe level. 

Generally speaking, our tests revealed methyl bromide contamination of the 
workroom over quite a wide range of values, depending on the type of operation, 
the type and construction of the chamber, and the effectiveness of the ventilation 
which was provided. These values ranged up to 100 ppm in the general workroom 
air, up to 500 ppm near the walls of ineffectively sealed chambers, and to over 1,000 
ppm at the breathing zone of the workers entering the chamber to remove the fumi- 
gated fruit. 

The initial phases of the study revealed that the entire industry was lax in its 
provision of safe fumigation facilities. It was soon evident also that there was a 
general misunderstanding regarding the respect which was demanded in the use of 
methyl bromide, since both employees and operators would open a gas-filled chamber 
and enter immediately to remove the fruit boxes. This operation would be repeated 
many times until all the fumigated fruit had been removed. Such practices not only 
resulted in increased exposure of the persons entering the chamber but permitted 
the fumigating gas to enter the workroom and expose everyone. As mentioned 
before, one of the major features of the fumigation chambers which the study 
revealed was their nonairtightness. Leaks were found around doors and walls 
which permitted the gas to penetrate to the workroom. 

Rather complete information was obtained from eight plants, and on the basis 
of this data the bureau changed its mode of study from a thorough quantitative 
determination of concentrations in each plant to spot checking. At the same time 
the bureau started working with the industry to develop facilities which would 
control the problem. The industry was very cooperative, as the result of the illness 
of a large number of its employees. Nevertheless, considerable educational work 
had to be done to point up the inadequacies of the chambers then in use, the pedestal- 


fan type of ventilation, the vacuum vaults and the tarpaulins or tent-type of fumi- 
gation. 


At the time the decision to change the method of study was made, it was 
also decided to call a meeting of all the packers in the Valley to discuss the 
problem of control of methyl bromide poisoning, so that all the individuals who 
came in contact with this material might understand how it should be handled. The 
general problem was discussed, as well as the medical and engineering aspects. Two 
general engineering recommendations were made to the assembled group for imme- 
diate activation. These were : 


1. All the fumigating chambers should be provided with mechanical exhaust 
systems which could be put in operation before the fumigation chambers were 
opened and unloaded. 


2. All the fruit placed in the chambers should be so stacked as to allow room 
for air circulation underneath the fruit and between the rows of boxes, so that the 
ventilation system would have a chance to remove all methyl bromide. 
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Since the ventilation period necessary before the chambers should be opened 
depended on the exhaust capacity of the installed blower and on the chamber volume, 
the ventilation time became an important factor. In cooperation with the industry, 
experiments were set up to determine the minimum time in which it would be safe 
to open the doors and enter the chambers. The usual dosage rate of methyl bromide 
of 1 Ib./1,000 cu. ft. of capacity, producing a chamber concentration of about 4,000 
ppm, was utilized in the experimental work. To reduce this concentration to the 
safe level of 20 ppm in order to make the chamber ready for occupancy and removal 
of the crates of fruit, it was found that if the chamber contained approximately 1,000 
cu. ft. (28 cu. m.) and the ventilation rate was 1,000 cu. ft. per minute, which is 
equivalent to one air change per minute, ventilation must be continued for approxi- 
mately one hour. To put it another way, 60 air changes were required. This was 
verified with different sizes of chambers. 

Since methyl bromide as a gas is heavier than air, it was desirable to exhaust 
the air-gas mixture from the fumigation chamber at floor level and to introduce the 
fresh air in such a manner as to give a maximum amount of air turbulence, so that 
all the air would be changed and pockets of methyl bromide would not remain after 
the ventilation had stopped. Bureau engineers developed plans for a chamber which 
would accomplish this, and these plans were distributed to the industry as a guide 
for the construction of their own equipment. 

The chamber is described briefly as follows: It is provided with one entrance 
door which can be locked during fumigation ; it has two air inlets on the top near 
the front which would be closed during fumigation ; provision is made for the fumi- 
gant dispenser line outside the chamber, with the dispenser nozzle in the chamber, 
at top center; and it has a plenum chamber about 8 in. (20 cm.) deep across the 
entire back wall with an 8-in. slot entrance at the floor. The plenum chamber is then 
connected by an exhaust duct equipped with a damper for regulation of air flow, 
through a blower, to discharge above the roof line of the building where the vapors 
could not reenter any occupied building. 

Soon thereafter, several of the larger plants constructed airtight chambers and 
equipped them with exhaust-ventilation facilities modeled after the guide we had 
presented to them. The benefits to them were twofold. In wet years dates must be 
dried to avoid mold. The fumigation chamber doubled for this purpose, as well as 
providing a safe fumigating area. The idea caught on rapidly and today almost every 
date-processing-and-packing plant has provided a well constructed airtight chamber 
with the proper ventilation for fumigation and drying purposes. 

Check tests were made by Bureau of Adult Health personnel during the date 
season following the original study, and, to quote our engineer’s report : 

. . . All the plants visited have installed the mecessary equipment, including mechanical exhaust, 
to handle safely methyl bromide in the fumigation process. In all except two cases the equipment 
was being used in the proper manner to protect the people in the plant from excessive exposures 
to methyl bromide. In one plant an adequate exhaust system had been installed but was 
improperly used, so that several workers had an excessive exposure. However, after viewing 
the test procedure and the results and after discussion of the proper use of the equipment, the 


man in charge agreed as to the necessity for using the precautionary measures outlined to avoid 
the hazard. 


One important condition which was noticed in the original survey and which 
was still experienced in most of the plants at the time of the follow-up visit still needs 
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improvement. Almost every installation is equipped with a tank of methyl bromide. 
Liquid methyl bromide is measured out into a cylinder attached to the main tank 
and allowed to evaporate into the fumigation chamber. The measuring cylinder is 
equipped with a sight glass, which in almost all cases is poorly sealed into position, 
with the result that leaks occur around its ends. Charging of the fumigation cham- 
bers, therefore, is usually accompanied by leakage of considerable amounts of gas 
and consequent exposure of the operator. Measurements of atmospheric contamina- 
tion in the operator’s breathing zone indicated concentrations of from 500 to 1,000 
ppm. of methyl bromide for short periods. To minimize this condition so far as it 
was possible to do so, it was recommended that a packing material which would not 
be affected by methyl bromide should be used in the valves and around the sight 
glass, that wherever possible the dosing equipment should be used on the open deck 
outside the building rather than in packing rooms, and that an outside storage 
separate from the main building should be provided for methyl bromide, so that in 
case of any accident to the container workmen in the packing room would not be 
exposed to the resulting gas. 

Whether it was the direct result of the installation of proper types of fumigation 
chambers, or whether it was due to some other factor or factors, the fact remains 
that no cases of methyl bromide poisoning were reported in the date-packing indus- 
try for several years, until last winter. Then two or three cases were reported. These 
were investigated to determine whether they occurred in plants not equipped with 
proper facilities for fumigation or whether they were due to a breakdown of the 
existing facilities. It was found that the latter probably was the case, since they 
were simply the result of the application of the old adage “familiarity breeds con- 
tempt.” The operators had been without illness from methyl bromide for several 
years and had become careless in the operation of the equipment. The matter was 
brought before the date-packing association, who circularized their members with 
a warning to adhere to the proper operating methods, and, from a psychological 
point of view, our personnel supplemented this warning by visiting a number of the 
plants to make spot checks and discuss precautionary procedures with the operating 


personnel. So far this season no reports of methyl bromide poisoning have come 
to us. 


The most important protective measure is the prevention of the inhalation of 
methyl bromide gas. The following rules of good practice have been presented to 
the industry and to the employees for their guidance: 


1. Fumigation always should be done in a room or a cabinet designed for the purpose. The 
practice of fumigating under canvas is dangerous and uncontrollable and should not be employed. 

2. Contaminated compartments should be thoroughly ventilated before they are entered. 
Exhaust-ventilating from the bottom of the compartments should be employed, care being used 
to make certain that the effluent gas is well dispersed to a place where it will not harm plant 
workmen or the local population. For the usual fumigation procedure 60 air changes have been 
found adequate for safety. However, it is well to continue ventilation during the unloading. 

3. Spillage should be assiduously avoided. 

4. Warnings should be posted conspicuously, delineating areas where the compound is 
being used. 

5. Gas masks and/or supplied-air respirators should always be provided for emergencies 
wherever methyl bromide is used. 

6. Periodic medical examination of exposed employees is advisable. 
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In retrospect, the salient facts of the study and control program in the date- 
packing industry may be summarized as follows: Cases of methyl bromide poison- 
ing occurred during the last six months of 1944. The complaints almost always 
included gastrointestinal disturbance with loss of appetite, headache, and dizziness. 
The more acute symptoms reported included a loss of balance, with a peculiar gait 
similar to that known as the locomotor ataxia of syphilis (tabes dorsalis). Mental 
aberrations occurred, and several patients were hospitalized in an excited psychotic 
state requiring some restraints. The total number of cases probably was near 200. 
Two men were jailed overnight because they appeared to be intoxicated. The cases 
increased in severity and number late in November and December because the 
weather became colder and the sheds were closed up for protection from the cold. 
This increased the problem, as the natural ventilation previously afforded was 
destroyed. Compensation was paid in almost every instance in which a claim was 
presented, and it was all a costly experience. The growers in the Valley, however, 
were very much concerned and cooperated in every way possible to institute the 
recommended controls immediately. Cooperation was attained after a mass meeting 
of the growers and packers was held in a local schoolhouse, where the material 
explaining the hazards of methyl bromide and the emergency nature of the problem 
was presented. Safe equipment was designed by the engineering section of the 
Bureau of Adult Health after much study and experimentation. The effects of methyl 
bromide on the human body and the resulting symptoms were explained by the medi- 
cal personnel, and plans for proper first-aid programs and daily records of illness to 
show up trouble in its early stages were presented by our nursing service. Several 
plants now have registered-nurse services. Since the institution of the recom- 
mended control measures and the distribution of the recommendations regarding 
safe-practice procedures, there have been only scattered reports of methyl bromide 
poisoning, and these on investigation proved to be due to a breakdown of the 
human element. 
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ARSENIC AND CANCER 
Observations in the Metallurgical Industry 


LEONID S. SNEGIREFF, M.D. 
AND 
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BOSTON 


HE THEORY that arsenic may cause cancer dates back 130 years to the 

writings of Paris! These have been quoted many times over by medical 
writers, who at times have credited Paris with unfounded additions, as ably 
pointed out by Kennaway.* The suspicion still appears to exist that arsenic may 
cause cancer in healthy humans. The whole subject was recently reviewed in 
behalf of the Arsenic Committee of the Medical Research Council in Great Britain 
by Neubauer.* 

In the light of recent experience with multiple factors in carcinogenesis * it is 
well to reconsider this subject. 

Arsenic compounds are among the oldest known to medicine for their treatment 
properties. Arsenic is a component of the earth’s crust, and a certain amount of it 
is constantly released in dust form. As rocks, containing varying amounts of 
arsenic, break down and disintegrate to form soils, a like percentage of arsenic 
contained in the rock is inherited by the soil. In a study of soil distribution of 
arsenic, Williams and Whetstone * made determinations on samples which were 
widely distributed geographically and were chosen to represent the great soil 
groups. Arsenic was found in all samples of normal soil examined and ranged in 
quantity from a fraction of a part per million (ppm) to about 40 ppm. The plants 
examined likewise contained variable amounts of arsenic. Coulson, Remington, 
and Lynch * found as high as 130 ppm of arsenic in the edible portion of a shrimp. 


Presented at the Annual Meeting of the Industrial Hygiene Foundation, Pittsburgh, 
Nov. 15, 1950. 

From the Cancer Control Unit, Department of Public Health Practice, Harvard School 
of Public Health. 
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Chapman‘ found that shellfish and crustaceans from the coastal waters of the 
British Isles showed an arsenic content range from 2.3 ppm in oysters to 132 ppm 
in prawns. 

Thomas and Collier * have shown that the smoke of cigarets, as well as that 
of cigars and pipe tobacco, contains approximately 30 to 100 ppm as originally 
present in the tobacco products. The concentration of arsenious oxide in puffed 
smoke ranges from 0.2 to 3.0 mg. per cubic meter with cigars, 1.7 to 5.7 mg. per 
cubic meter with pipe tobacco and 3.3 to 10.5 mg. per cubic meter with cigarets. 
This would indicate that humans cannot escape contact with arsenic, which has 
always existed in nature and was ingested by our ancestors for generations past 
even as it is in our civilized society today. 

It is not within the scope of this paper to discuss the relative ranges of absorp- 
tion of water-soluble arsenicals or the rates at which they are stored or eliminated 
by the human body in health and in disease; :suffice it to say that much of the 
apparent confusion which surrounds this subject may be attributed to the lack of 
refined laboratory methods which could help in the interpretation of clinical 
reports citing instances of observed association of keratoses or carcinomas and pro- 
longed arsenical therapy. 

Franseen and Taylor * and others have stated that in psoriasis as in other sys- 
temic diseases with or without prior skin manifestations, after a number of years of 
treatment with potassium arsenite solution (Fowler’s solution), keratoses and carci- 
nomas were observed. However, Mattice and Weisman *° pointed out that frequently 
ascribing of pathological states to chronic arsenic intoxication is based on assumption 
rather than on arsenic determinations made under controlled conditions. This 
raises the point of the other multiple factors concerned with carcinogenesis in per- 
sons who have upset cellular metabolism, as manifested by signs of systemic disease 
for which arsenicals were prescribed in the first place. In another group of 
patients reported in medical literature skin changes have developed, ranging from 
pigmentation and warty growth to keratosis and epithelioma. There is a numerical 
paucity of reports of such cases in modern medical literature, where arsenic effect 
is suspected on the basis of anatomical distribution of lesions on fingers and toes. 
For as Kennaway"' pointed out 25 years ago, there has been much confusion 
between epitheliomas attributable to pitch and to arsenic. The paucity of reports 
is even more evident when compared with the magnitude of arsenic distribution in 
nature, and the everyday exposure of humans to it in the course of the day’s 
activities, as well as in the production and mass utilization of purified arsenic in 
industry. There are indications that biologically the human race made the adjust- 
ment to arsenic in the environment and that only rarely, when associated with 


7. Chapman, A. C.: On the Presence of Compounds of Arsenic in Marine Crustaceans and 
Shell Fish, Analyst 51:548-563, 1926. 

8. Thomas, M. D., and Collier, T. R.: Concentration of Arsenic in Tobacco Smoke Deter- 
mined by Rapid Titrimetric Method, J. Indust. Hyg. & Toxicol. 27:201-206, 1945. 

9. Franseen, C. C., and Taylor, G. W.: 


Arsenical Keratoses and Carcinomas, Am. J. 
Cancer 22:287-307, 1934. 


10. Mattice, M. R., and Weisman, D.: Urinary Excretion of Arsenic in Normal Subjects, 
Am. J. M. Sc. 193:418-419, 1937. 
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other contributing endogenous factors such as systemic disease, or possibly exoge- 
nous factors, such as radiation, it may be capable of upsetting the biological equi- 
librium. 

Stern and Willheim ** suggested the apparent ambivalence of arsenic as a 
treatment agent and as a factor contributing to the development of cancer in 
susceptible persons, which may be likened to the effects of x-rays. This state- 
ment should be considered in the light of clinical experience with skin cancers 
following use of potassium arsenite solution and later treatment with x-ray which 
eventually break down and require surgical amputation. There is a parallel experi- 
ence with overexposures to x-ray and radium in early workers. It is because of 
the above circumstances that we became interested in this subject. 


METHODS AND PLANS OF INVESTIGATION 


In spite of great interest in the industrial carcinogens there are no satisfactory 
biological or chemical tests of cancer susceptibility that may be applied to humans. 
For that reason, our approach to the problem was considered from the biostatistical 
standpoint. 

Since arsenic is widely distributed in nature, we felt that the best place to study 
the untoward effects would be in the metallurgical industries where quantitative 
exposures over many years can be observed in those who handle arsenical com- 
pounds, such as arsenic trioxide. 

Through the good offices of our colleague, Prof. Philip Drinker, one of us 
(L. S. S.) obtained permission to visit a number of plants in the United States 
and outside its borders and to have access to records of the medical departments, the 
personnel files. employment information, death records, and other data pertinent 
to this study. During the field visits the personnel of the medical and safety 
departments of the several plants visited assisted in checking the clinical and 
death records of employees, in obtaining medical histories, and conducting clinical 
examinations on workmen selected particularly for their long-term employment in 
the arsenic production, including the controls. The principal objective of the 
survey reported here was to ascertain whether arsenic played a significant role 
reflected in the cancer mortality among the employees of the plants. 

The data from the arsenic and control plants located in the continental United 
States were regrouped for comparison with the corresponding population and 
mortality data available through published official reports of the United States 
Bureau of Census and the United States Public Health Service. The data were 
subjected to statistical tests for the determination of their significance. 

Field observations were made and recorded at the time of the visits of one of 
us (L. S. S.) to plants in June through September, 1949. These observations 
formed the basis for the evaluation of statistical data in the light of “on the spot” 
working conditions and environmental influences in the plants surveyed. In each 
place volunteers who had worked in arsenic for many years were physically 
examined and interviewed in the presence of the plant physician or of a responsible 
member of the administrative staff. Thus we were able to see the persons who 


should have shown the most profound effects of exposure to arsenic. 


12. Stern, K., and Willheim, R.: The Biochemistry of Malignant Tumors, Brooklyn, N. Y., 
The Chemical Publishing Company, Inc., 1943. 
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Our principal difficulty was encountered in the plants abroad, where there is no 
dearth of excellent statistical information in the company records pertaining to 
plant population by categories, length of service, morbidity due to arsenicalism, 
and the general state of health of the employees, but where one can place little 
credence in the reported causes of death and where the general population sta- 
tistics are unreliable. Hence, after sorting the data, we discarded all that we col- 
lected in the plants outside the continental United States. This is no reflection 
on record-keeping methods in the plants we visited. It is, simply, our desire to use 
conservative valid data that we can compare geographically by units. 

From what has been said it is possible to appreciate the difficulty of an exact 
interpretation of statistical observations. Among the obstacles are the so-called 
multiple factors. These may be visualized as several specific forces exerting a 
biological impact on man. Very often such forces act together, simultaneously, and 
their individual quantitative effects are hard to separate. The biologist is therefore 
forced to make certain assumptions which he believes to be true and which are based 
on accepted biological principles or laws. 

In inductive statistics an attempt is made to apply to the universe the findings 
of a sample. It is important to separate differences or relationships due to chance 
from the real differences and relationships. The majority of applicable statistical 
procedures were tried in this attempt, as exemplified by chi-square tests. 

The result of a test of significance of two probabilities is important or borderline 
according to the yardstick used by the observer. For example, by chance alone a 
phenomenon could occur once in 20 times. The probability of 0.05 in a chi-square 
table is significant statistically if 0.05 is considered the criterion of significance. 
Statisticians using the one-in-20 chance as a criterion of significance would say that 
something besides chance is entering into the picture. 

In order to understand the biological impact exerted by arsenic on humans it 
is well to remember what we have said earlier about cancer. 


FINDINGS 


During the previous 25 years 18 deaths were recorded from cancer among 
employees at Plant A (Table 1). It was noted that seven of these were ascribed 
to cancer of the respiratory system, which appeared sporadically throughout the 
plant without any apparent pattern of distribution, nor were these deaths limited 
to any specific occupational group within the plant. It appears that it is this sporadic 
occurrence of cases that has led some physicians to attribute a causal relationship 
of cancer to arsenic exposure. As Macklin ’* pointed out, if we are looking for 
causal proof we can certainly find it if we look long enough. However, the real 
problem is to ascertain whether this is statistically significant or whether it is an 
invitation to draw a false conclusion. 

Let us examine the facts summarized in the table. The ratio between the cancer 
deaths and the total deaths in an area represents the relative importance of the 
cancer problem in the area. Thus it can be seen that Plant A appears to have a 


13. Macklin, M. T.: Pitfalls in Dealing with Cancer Statistics, Especially as Related to 
Cancer of the Lung, Dis. Chest 14:525-528, 1948. 
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slightly higher proportionate mortality than the state. Whether the difference is 
real or only chance fluctuation, which might be reversed in another sample, must 
be determined. 

The method employed to establish whether a difference is real or merely a chance 
fluctuation is determined by the type and the quantity of the data. In Plant A the 
proportionate mortality for the age group “under 55” is 12.5%, over twice the 
corresponding value for the state as a whole. Thus, on inspection alone, Plant A 
appears to have proportionally many more cancer deaths than the state, but this 
proportion is based on only nine cancer deaths among 72 deaths from all causes, 
while the state figure is based on 1,656 deaths from cancer among 27,164 deaths 


Tasie 1.—Cancer Deaths, Total Deaths, and Cancer Deaths per Hundred Total Deaths for 
Males by Age and Locality (Various Years) 
(Large quantities of arsenic trioxide are handled at Plant A) 


Plant A* 


Cancer 
Deaths per 
Cancer Total 100 Total y Total 100 Total 
Age Deaths Deaths Deaths Deaths Deaths 


9 72 J 27,164 
48 > 12,368 


Total 


Deaths (O-E) 

Age Observed c -E (O-E) # E 
Under 55 21.16 4.8 
5 01 
13 


he years covered in Plant A were those from 1922 to 1949. 


he Fag 7 for the state are weighted for the years when the cancer deaths oceurred at Plant A. 
= Prs XDt 


tT 


Where Prs = proportionate mortality for the state by age. 
Dt = total deaths for the plant by age. 
n 3 O = Observed, E = Expected. 
P = approximately 0.10, which is not significant. 


from all causes. It is immediately evident that the figure for the state is much more 
stable than that for the plant. 

By chance alone the nine cancer deaths might be expected to range between 
three deaths and 15 deaths in 19 of 20 samples, such as were observed in Plant A; 
and once out of the 20 samples the number of deaths could by chance be greater 
than 15 or less than 3. Thus the proportionate mortality of 12.5% evidenced in Plant 
A might have been actually less than the 6.1% observed for the state. 

This technique lends itself to the testing of the differences in different age groups 
as well as the differences in plants. We compared the plant as a whole with a hypo- 
thetical distribution of deaths. This was done by assuming that the plant should 
evidence the proportionate mortality in the given age groups which was observed 
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in the state. On this assumption an expected number of cancer deaths was obtained 
for the plant by multiplying the state proportionate mortality for cancer in each 
age group by the corresponding number of total deaths which occurred in the plant. 
The observed distribution of cancer deaths was compared with the expected distri- 
bution of cancer deaths by means of the chi-square test. On the basis of this test the 


numbers of cancer deaths in Plant A showed no evidence of significant difference 
from the state values. 


For contrast with plants handling arsenic, we have chosen Plant Z, where work- 


ing conditions approximate those of Plant A except that no arsenic is handled. 
During the last 10 years there were observed among the employees at Plant Z 12 


Tas_e 2.—Cancer Deaths, Total Deaths, and Cancer Deaths per Hundred Total Deaths 
for Males by Age and Locality (Various Years) 
(Plant Z does not handle arsenic) 


Plant Z* Cancer State t Cancer 
Deaths per Deaths per 
Cancer Total 100 Total Cancer Total 100 Total 
Age Deaths Deaths Deaths Deaths Deaths Deaths 
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* The years covered in Plant Z were those from 1941 to 1949. 
+ State figures are allocated to place of residence. 
tE=—Prs XDt 
Where Prs = proportionate mortality for the state by age. 
Dt = total deaths for the plant by age. 
—¥ | O = Observed, E = Expected. 
= approximately 0.90, which is not significant. 
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deaths due to cancer. Of 


these, 6 were attributed to cancer of the lung. The same 
technique was applied to 


the cancer problem in Plant Z (Table 2) as in Plant A 
(Table 1). The proportionate mortalities for the age groups under 55 showed a 
similar tendency to be higher in the plant than in the state. 


SUMMARY AND CONCLUSIONS 


For 130 years men have looked at arsenic as a possible cause of cancer. Today, 
in the light of our growing appreciation of the importance of chemical compounds 
as specific agents, each endowed with its characteristic biological properties, which 
are not to be taken for granted as being limited by group characteristics, and with 
a growing insight into the complex relationships of the multiple factors required 
to “spell” cancer, we are impressed by the unavoidable—that in some men who 
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work in arsenical industries camcer will develop. There is, however, reasonable 
doubt that some arsenical compounds will cause cancer. In our study of Plant A, 
where large amounts of arsenic trioxide are handled, we found a slightly higher 
proportionate mortality from cancer among the employees than in the state-adjusted 
figures. But the same was found true of Plant Z, where arsenic is not handled but 
where the other factors are comparable. Statistical tests showed that these differ- 
ences are chance fluctuations and are not significant. 


On the basis of evidence examined in this preliminary survey we conclude that 
the handling of arsenic trioxide in the industry studied does not produce a significant 
change in the cancer mortality of the plant employees; hence other factors in addi- 
tion to arsenic must be considered significant in the causal relationship to cancer. 
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EFFECT OF BITUMINOUS COAL DUST AND SMOKE ON 
THE LUNGS—ANIMAL EXPERIMENTS 
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HE EFFECT of atmospheric contaminants, such as dust and smoke, on 

susceptibility to respiratory infections is a subject of interest not only to mem- 
bers of the medical profession and public health officials but also to others engaged 
in industrial-hygiene work or in the control of air pollution. 

Some few attempts have been made to determine the effect of dust and smoke 
on susceptibility to pneumonia, but the results have been contradictory and subject 
to many limitations. In view of this, series of experiments were begun several 
years ago at the Johns Hopkins School of Hygiene and Public Health to study the 
effects of certain dusts on the susceptibility of rats to lobar pneumonia. The results 
of the experiments with quartz, feldspar, and Portland cement dust have been 
reported. In the series of experiments presented now, the effects of bituminous 
coal dust and bituminous coal smoke on the resistance of rats to lobar pneumonia 
were investigated. In addition, some studies were made concerning the pathological 
effect of these materials on lung tissue. 


REVIEW OF THE LITERATURE 


* It has been assumed in general that industrial dusts in the air are a factor pre- 
disposing to pneumonia.* The evidence offered to support this view is based largely 
on the mortality rates reported for pneumonia occurring in men engaged in certain 
dusty occupations. However, the data presented in the previous studies are subject 
to criticism in view of the conflicting evidence, the lack of reliability of reported 
occupational mortality rates, and the many other factors involved. The general 


From the Department of Environmental Medicine, The Johns Hopkins School of Hygiene 
and Public Health, Baltimore. 
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2. Heffron, R.: Pneumonia, New York, Commonwealth Fund, 1939, pp. 340-342. 


206 


a 
% 
; 


VINTINNER-BAETJER—EFFECT OF COAL DUST AND SMOKE ON LUNGS 207 


literature on the relation of industrial dusts to respiratory infections has been 
reviewed in a previous paper.’* Only the publications on coal dust and coal smoke 
will be cited here. 

Epidemiological studies on the effects of coal dust have yielded conflicting 
results. Bloomfield and his co-workers * found in their study of 2,711 anthracite- 
coal miners that the percentage of employed workers who reported past illnesses 
from pneumonia was 10.2 for those whose diagnoses were essentially negative for 
anthracosilicosis, 14.7 for those with Stage 1 anthracosilicosis, 13.4 for those with 
Stage 2 anthracosilicosis, and 8.3 for those with Stage 3 anthracosilicosis, compared 
with 12.2 for a control group. In addition to these case rates, the study also 
reported the mortality rate from influenza and pneumonia among miners and their 
helpers. This rate was higher than that of a control group, the difference being 3.1 
times the standard error of the difference. The authors concluded that “although 
this result is not definitely significant, the weight of evidence inclines toward unusual 
susceptibility on the part of anthracite miners to fatal attacks of influenza and pneu- 
monia.” 

Dublin and Vane,* in a study which determined the standardized index for deaths 
from pneumonia and other respiratory diseases in relation to the occupation, found 
that among coal miners the index, 150, was high as compared with the indexes for 
many of the nondusty occupations. For example, the index for masons and brick- 
layers was 114; that for longshoremen and stevedores, 130; that for electricians, 
94; that for plumbers and steamfitters, 90. 

A report of occupational mortality in Canada (Canada Bureau of Vital Statis- 
tics) > presented data on the standardized death rate for males in certain occupa- 
tions for 1931-1932. The death rate from pneumonia for coal miners was 38 per 
100,000, compared with 32 for all males aged 20 to 64 years. 

On the other hand, other statistics failed to support the view that coal-dust 
exposure is a factor predisposing to pneumonia. The percentage ratios of the 
mortality rates of males to the corresponding rates for married women of the same 
social class or occupational (husbands’) group were presented by occupation in the 
Registrar-General’s Decennial Supplement, England and Wales, 1931.° This 
showed that underground miners exposed to dust had a mortality ratio from 
pneumonia that was lower than that for all occupied and nonoccupied classes. 

Kibby * found that mortality from pneumonia was lower among coal miners 
{underground workers) than among surface workers in the 77,000 population 
observed during the 10-yr. period between 1925 and 1935. The annual death 
rate per 1,000 persons was 1.50 for surface workers and 1.25 for coal miners. 


3. Bloomfield, J. J.; Dallavalle, J. M.; Jones, R. R.; Dreessen, W. C.; Brundage, C. K., 
and Britten, R. H.: Anthracosilicosis Among Hard Coal Miners, Pub. Health Bull. 22:55, 
110, 1936. 

4. Dublin, L. I., and Vane, R. J., Jr.: Causes of Death by Occupation, Bulletin 507, United 
States Department of Labor, Bureau of Labor Statistics, 1930, pp. 97-99. 

5. Special Report on Occupational Mortality in Canada, 1931-1932, Canada Bureau of Vital 
Statistics, 1937, p. 14, Table 5. 

6. The Registrar-General’s Decennial Supplement, England and Wales, 1931: Ila Occu- 
pational Mortality, London, His Majesty’s Stationery Office, 1938, p. 159. 

7. Kibby, C. H.: Pneumonia and Tuberculosis Among Industrial Workers and Their 
Dependents, Am. J. Pub. Health 27:555, 1937. 
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However, these rates were not standardized for ages, and the surface workers 
included all employees above ground, females as well as males, in dusty and non- 
dusty occupations. 

Several autopsy studies have been made to determine the relation of coal dust 
to pneumonia, but again the results have been somewhat conflicting. Schnurer,® 
from a microscopic study of several hundred human lungs, reported that the 
“pneumonia case and death rates increased in direct proportion to the degree of 
pneumoconiosis” due to bituminous coal. Cohen and Charr® reported that, 
although the fatality from lobar pneumonia and the “incidence of delayed resolution 
was slightly higher in anthracite miners than in non-miners,” the lobar pneumonia 
affected principally the nonanthracosilicotic areas of the lungs. Haythorne and Mel- 
ler,’° in their necropsy studies of pneumonia among citizens of Pittsburgh, found 
“nothing tangible to connect the pigment (anthracosis) deposits with the high pneu- 
monia incidence and high mortality rates,” although healing by organization of 
unresolved pneumonia appeared to be associated with severe anthracosis. 

The experimental work which has been done to study the effect of coal-dust 
exposure on resistance to pneumonia is limited. Schnurer ' exposed a few rabbits, 
rats, and mice to the smoke of anthracite, coke, and bituminous coal. She reported 
that the greatest number of cases of uncomplicated pneumonia and the greatest 


incidence of bronchitis occurred among the animals exposed to the products of com- 
bustion of bituminous coal. 


This review of the literature shows that there is little evidence to support or 
deny the contention that inhalation of coal dust and smoke may predispose to pneu- 


monia. The available data on this subject are conflicting and of limited value ; hence, 
no conclusions can be drawn at the present time concerning the relationship of coal- 
dust and smoke exposure to respiratory infections. 


EXPERIMENTAL METHODS 


The procedure used in these experiments was similar to that described previously for the 
quartz, feldspar, and cement experiments.1 Briefly, rats were exposed in a dust chamber to 
air which contained a high concentration of coal dust or smoke. After they had been exposed 
for various periods of time, they were inoculated intrabronchially with Pneumococcus Type 1. 
The results were compared with those for control animals similarly inoculated. 

Method of Delivering Coal Dust and Smoke to Exposure Chambers—The coal dust was 
introduced into the air supplied to the exposure chambers in which the rats were housed. This 
method was described in detail for the silica experiments.14 

The smoke was produced by burning finely ground bituminous coal in a muffle furnace at 
870 C. The coal was blown into the muffle furnace by means of an air-ejector unit connected 
with a small hopper which was continually agitated by a metal weight attached to the arm of 
a vacuum-operated windshield wiper. The air flow was kept at a minimum amount (1 in. 


8. Schnurer, L.: Further Studies on the Relation of Pneumoconiosis to Respiratory Dis- 
eases in the Pittsburgh District, J. Indust. Hyg. & Toxicol. 20:14, 1938. 

9. Cohen, A. C., and Charr, R.: Lobar Pneumonia in Anthracite Miners: Mortality and 
Complication Statistics, J. Indust. Hyg. & Toxicol. 21:124, 1939. 

10. Haythorne, S. R., and Meller, H. B.: Necropsy Evidences on the Relation of Smoky 
Atmosphere to Pneumonia, Am. J. Pub. Health 28:479, 1938. 


11. Schnurer, L.: Effects of Inhalation of Smoke from Common Fuels, Am. J. Pub. Health 
27:1010, 1937. 
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[2.5 cm.] mercury pressure) necessary to conduct the smoke to the chambers. The furnace was 
connected to the exposure chambers by means of a metal duct 3 in. (7.5 cm.) in diameter and 
3 ft. (91.5 cm.) in length. In some experiments the smoke was filtered through steel wool to 
remove the larger particles of the unburned coal; in other experiments the smoke was delivered 
to the chambers without being filtered. Two exposure chambers were used, which were con- 
nected in series by means of a metal duct. The smoke-inlet orifice to both chambers was 
baffled to obtain even distribution of the smoke throughout the chambers. 


To dilute the carbon monoxide gas which was produced in the incoraplete combustion of 
the coal, an auxiliary supply of fresh air was introduced into the first exposure chamber at a 
point right angles to the smoke-inlet orifice. 

Composition of Coal Used in Experiments—The bituminous coal used in these experi- 
ments was obtained from the School of Engineering of the Johns Hopkins University, through 
the courtesy of Mr. Weymouth N. McDaniels. The name of the coal was Powhatan. It had 
been pulverized at the School of Engineering and the analysis, sown in Table 1, was provided 
by Mr. McDaniels. 


The percentage of free silica in the coal, determined by the Knopf method, was approxi- 
mately 1% (0.74 to 1.27%). The size of the dust particles was determined on air samples 
taken from the dust chambers. Ninety per cent of the particles were below 3 microns (#) 
in diameter, with an average particle of 2.1 u. 


TABLE 1—Composition of Bituminous Coal 


Proximate Analysis as Received Ultimate Analysis Dry 
Total moisture 3.04% Carbon 
Fixed carbon 42% Hydrogen ........ 
Sulfur 


Softening point of ash 2 ; Nitrogen 
Fusion point of ash 2360F Oxygen 
Sesquioxide of iron in ash 


The bituminous coal used in the smoke experiments was the same as that used in the dust 
experiments except that it was not pulverized into as small particles as that in the dust 
experiments. 

Concentration of Coal Dust and Smoke in Chambers.—The concentration of the bituminous 
coal dust in the air of the dust exposure chambers varied between 400 and 850 million, with 
an average of 700 million, dust particles per cubic foot of air. No attempt was made to maintain 
a uniform concentration of the dust particles in the air, since such conditions rarely, if ever, 
exist in industry. 

The smoke concentrations in the exposure chambers varied, no attempt being made to insure 
uniform smoke density. In general, the smoke concentration at the 2-in. (5-cm.) discharge 
opening of the chamber was maintained at a level which may be considered as dense on visual 
inspection, or equivalent to about no. 3 reading on the Ringelmann chart. Analyses of the gases 
and particulate matter in the smoke chamber were made at intervals during the exposure. The 
gases determined were oxygen, carbon dioxide, carbon monoxide, and sulfur dioxide. The par- 
ticulate matter in the air of the exposure chambers was sampled by Greenberg-Smith impingers, 
and analyses were conducted for total solids, ash, sulfur, free silica, and iron, according to 
the methods described in Public Health Bulletin No. 224, “Atmospheric Pollution of American 
Cities for the Years 1931 to 1933,” United States Public Health Service. These procedures were 
used so that a comparison could be made between the composition of the smoke in these experi- 
ments and that which was found in American cities (see Table 4). 


Tables 2 and 3 show the results of the analyses of the smoke in the exposure chambers. A 
comparison of Tables 2 and 4 shows that the density of the smoke in the exposure chambers 
was very much greater than the average density reported for the cities (50 times greater for 
the filtered smoke and 100 times greater for the unfiltered smoke). The percentage of carbon 
in the exposure chambers with unfiltered smoke was somewhat greater, although the percentage 


70.78% 
6.08% 
4.52% 
i 
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of carbon in the filtered smoke was similar to the percentage found in the suspended dust in 
American cities. There was a lower percentage of sulfur in the exposure chambers than was 
reported for the cities but the total amount was, of course, greater. 

Temperature and Humidity in Exposure Chambers.—The temperature in the smoke-exposure 
chambers was 79 F., + 10 F., and that in the coal-dust chambers was 70 F.. + 10 F. The 


TasLe 2.—Analysis of Particulate Matter in Smoke in Exposure Chambers 


Chamber 1 Chamber 2 
Milligrams per 10 Cu. M. of Air Milligrams per 10 Cu. M. of Air 


Percentage Percentage 
Composi- Composi- 
tion (by tion (by 
Av. Weight) Max. “ y. Weight) 
Unfiltered smoke 
Total solids 5 2 57 
Carbon 


Iron (Fe20s) 
Sulfur 
Filtered smoke 
Total solids 
Carbon .... 


Iron oxide (Fe20s 
Sulfur 


TasBLe 3.—Average Gas Composition in Exposure Chambers 


Chamber 1 Chamber 2 
— 


Max. Min. ; Min. 
Oxygen 21.0% 20.2% 20. 20.4% 
Carbon dioxide 0.2% 0.0% 0.8% 
Carbon monoxide .... 30.0ppm 10.0ppm 20.0ppm 5.0ppm 
Sulfur dioxide 1.6ppm 0.8ppm 0.8ppm 0.7ppm 


TABLE 4.—Average Composition of Suspended Dust During the Winter 
Months for All Cities 


Milligrams Percentage 
per10Cu. M. Composition 
(by Weight) 
100 
65 
35 
12 
Iron oxide (Fe2Qs).. 5 2 
Sulfur 


* By “earbon” is meant the total loss on ignition. 


relative humidity ranged between 15 and 24%, with an average of 20%, in the smoke and dust 
chambers. 

Animals Used in the Experiments.—Rats of approximately the same age, sex, and weight 
were used in both experimental and control groups. In the different experiments, however, age 
and weight were varied to determine whether the results were constant for all ages. The 
minimum weight of any rat at the beginning of the exposure period was 40 gm. and the maximum 
was 425 gm. The age of the animals at the beginning of the exposure varied from 4 to 7 mo. 
Younger rats were used in the experiments of long duration in order to avoid greater age at 
the time of inoculation. Males and females were kept in separate cages to avoid breeding. All 
animals in the experiments received the same care with respect to food, water, and cleaning of 


RS SECO 25 46 9 8.6 6.7 8 4 
1.2 15 3 4.4 0.7 3 2 
4.2 9 2 13.0 5.0 9 4 
164 213 100 172 82 130 100 
SRE es 101 134 63 114 55 85 65 
ON See 63 79 37 58 17 45 34 
13 11 12 6 3 6 4 
ES anise 5 3 4 2 4 2 3 2 
% 
4 
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cages. There were very few deaths among the animals during the experimental exposure 
periods, although occasional deaths occurred during the inoculation as a result of the anes- 
thesia. The control animals, similar in age, sex, and weight, were kept in identical chambers 
with an air supply of the same source without the addition of dust or smoke. 

Duration of Coal-Dust or Smoke Exposure.—The duration of dust or smoke exposure prior to 
injection of the Pneumococcus culture varied from five to 165 days for the bituminous-coal-dust 
experiments and from two to 154 days for the bituminous-coal-smoke experiments. The rats 
were exposed for 514 days a week and were not exposed on holidays. However, the actual dust 
or smoke exposure was calculated on a basis of exposure days, each day representing eight 
hours of exposure. The figures in the tables indicate the number of eight-hour-day exposures. 
In some experiments the dust or smoke exposure was continued after inoculation until the 
animals died or were killed at the end of one week. In a few experiments the animals were 
exposed only after inoculation. 

Method of Inoculation and Autopsy—The rats were inoculated intrabronchially, according 
to the technique described by Nungester and Jourdonais,!* with a human strain of Pneumococcus 
Type 1. In part of the experiments the organisms were suspended in a 6% solution of gastric 
mucin for the inoculation, while in the other experiments they were given in broth. When 
pneumococci were injected intrabronchially into rats in a sufficiently viscous solution of mucin, 
the reaction was a typical lobar consolidation accompanied by bacteremia and pleurisy. In these 
experiments a dose of less than 100 organisms was required to produce death in about 50% of 
the normal rats. When the organisms were suspended in broth, several thousand organisms 
were required, and evidence of lobar consolidation occurred only in some of the fatal cases. 
The result was chiefly septicemia. In those cases where consolidation appeared, it was much 
less extensive than when mucin was used. Autopsies, were performed on all rats. Those which 
had not died within the usual period of one week after the inoculation were killed in order to 
determine evidence of infection among the surviving animals. In some cases microscopic sec- 
tions were made of the lungs for histological examination. In the earlier experiments the 
pneumococci were recovered from the heart blood in the fatal cases and identified; since the 
cultures were always positive, this procedure was discontinued. 

Treatment of Data—The experiments extended over a period of two years. More than 
1,000 rats were used in the experiments, so that the results were susceptible to statistical 
analysis. The rats which were exposed to coal dust or coal smoke were compared with their 
respective controls in each experiment in regard to mortality, total incidence of infection, inci- 
dence of lobar consolidation, and case fatality rate. In order to determine whether the difference 
in mortality between the dust-exposed and the smoke-exposed rats and their controls were 
statistically significant, the standard errors of the differences were calculated. The dif- 
ferences divided by the value of their standard error x are given in the tables for each 
experiment. If the difference in mortality between the dust-exposed or the smoke-exposed 
group and its respective control group was 2.5 times the value of the standard error of the 
difference, the result was considered as probably significant; i. e., such a difference would 
occur by chance only about once in 80 times. In addition to the mortality rates, the total 
incidence of infection was calculated for each experimental group in the mucin experiments. 
Since the heart-blood cultures of the survivors were always negative at autopsy (see Baetjer 
and Vintinner‘), the incidence of infection was estimated by adding the number of survivors 
which showed gross evidence of healing lesions to the number of rats which died infected. The 
case fatality rate was calculated also for each experimental group on the basis of the total 
incidence of lobar consolidation. In the broth experiments the per cent incidence of lobar con- 
solidation was calculated. In order to obtain this, the total number of animals which showed 
gross evidence of consolidation at death or when killed was divided by the total number of 
rats inoculated, and multiplied by 100. Changes in the weight of the animals during the experi- 
mental exposure periods were also compared. In the longer experiments the dust-exposed and 
the smoke-exposed rats also were compared with their controls in regard to the incidence of 


12. Nungester, W. J., and Jourdonais, L. F.: Mucin as an Aid in the Experimental Produc- 
tion of Lobar Pneumonia, J. Infect. Dis. 59:258, 1936. 
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spontaneous lung disease which was evident on gross observation. Histological studies were 
made of the lungs from some of the rats exposed for various periods of time to the coal dust 
and the smoke and from similar control rats to determine any changes in the lung tissue resulting 
from the exposures. The results of these studies will be reported in another paper. 


RESULTS 

Mucin Experiments——The mortality of the dust-exposed or the smoke-exposed 
rats and the control rats following intrabronchial injection of the pneumococci in 
mucin and the difference in mortality between the exposed and the control group 
are given in Table 5 for each experiment, together with the number of animals and 


TaBLe 5.—The Effect of Inhalation of Bituminous Coal Dust and Smoke on 
Pneumonia Mortality 
(Pneumococci Given in Mucin Intrabronchially) 


Duration of 
Exposure, Days Number of 
——"—“-+ Animals Mortality, per Cent 
Before After 
Inocu- Inocu- Control Exposed Control Exposed 
Exposure lation lation Group Group Group Group Difference 
Coal dust + 6.7 


—13.4 
—26.6 
—65.6 
—6h2.9 


Exposedt 
Exposed 
Exposed 
Exposed 


oS 


Unfiltered smoke 


1 
1 
1 
( 


Exposed 
Exposed 
Exposed 
Exposed 
Exposed 
Filtered smoke 


Exposed 
Exposed 
Exposed 
Exposed 
* Difference in mortality + standard error of difference. 
x 
When all experiments lasting 60 or more days were taken together, the — value was 3.8 for coal dust 
ys 1.9 for the unfiltered smoke. When all experiments lasting 14 or more days were taken together, the 
— value was 4.0 for the coal dust, 2.2 for unfiltered smoke and 1.3 for filtered smoke experiments. 


+ Rats were exposed to dust or smoke after inoculation until death or until killed at the end of seven days. 


the duration of exposure. 


Table 6 gives the total incidence of infection and the 
case fatality rates. 


In the coal-dust experiments the mortality of the dust-exposed animals was, in 
general, lower than that of the controls. The difference in mortality between the 
dust-exposed animals and their controls was found to’be statistically significant in 
only two experiments when each experiment was considered separately. How- 
ever, when all of the experiments in which the animals were exposed to coal dust 
for 60 or more days were taken together, the mortality of the dust-exposed animals 


was significantly lower than that of their controls. Furthermore the difference in 


x* 
04 
14 0 15 15 66.7 53.3 0.7 
35 0 15 15 33.3 6.7 18 
61 0 14 11 92.9 27.3 3.4 
110 0 15 4 60.0 7.1 3.0 
} 145 0 14 13 14.3 0.0 —14.3 14 
14 0 19 18 31.6 33.3 + 1.7 0.1 be, 
$ 0 15 15 73.3 73.3 0.0 
15 15 66.7 53.3 —13.4 
80 14 14 92.9 714 —21.5 
165 15 14 40.0 14.3 -25.7 
6 0 15 15 73.3 93.2 +19.9 
4 0 15 15 66.7 53.3 —13.4 
35 0 15 13 33.3 7.7 —25.6 
: 61 0 14 14 92.9 64.3 —28.6 
3 154 0 19 19 31.6 15.8 —15.8 
15 73.3 66.7 — 6.6 
i 15 15 100.0 86.7 —13.3 0.7 
Fa 15 14 66.7 714 + 4.7 0.3 
14 11 93.9 81.8 —l1.1 0.9 
i 3 19 19 21.1 15.8 5.3 04 
: 15 15 66.7 73.3 + 6.6 04 
$ 35 0 15 15 100.0 100.0 0.0 0.0 
4 60 0 15 15 33.3 40.0 + 6.7 0.3 
i 
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mortality was statistically significant even when all experiments of 14 or more 
days’ exposure were taken together. The total incidence of infection also was lower 
in the dust-exposed rats than in their controls when the coal-dust exposure lasted 
24 days or longer. The difference was statistically significant when the longer 
experiments (24 or more days) were combined for the analysis. This lower 
incidence of infection occurred both when the animals were exposed to coal dust 
before inoculation and when they were exposed to it before and after inoculation. 
When the dust exposure was of shorter duration (i. e., less than 24 days) or 
occurred only after inoculation, there was no difference in the total incidence of 


TABLE 6.—The Effect of Inhalation of Bituminous Coal Dust and Smoke on the Incidence 
of Infection and Fatality from Pnewmonia 


Duration of 
Exposure, Days 
After 
Inocu- 
lation 


Before 
Inocu- 
Exposure lation 


Coal dust 


Exposed* 

Exposed 

Exposed 

Exposed 
Unfiltered smoke .... 


Exposed 
Exposed 
Exposed 
Exposed 
Exposed 
Filtered smoke 


Exposed 
Exposed 
Exposed 
Exposed 


* The rats were exposed to dust or smoke after inoculation until death or until killed at the end of 


seven days. 


Note. 


Incidence of Infection, per Cent 


Control 
Group 
86.7 
66.7 
40.0 
92.9 
80.0 
64.3 
68.4 
100.0 
80.0 
100.0 
66.7 
86.7 
66.7 
40.0 
92.9 
68.4 
100.0 
100.0 
80.0 
100.0 
52.6 
86.7 
100.0 
86.7 
93.3 
100.0 
80.0 
66.7 


(Pneumococci Given in Mucin Intrabronchially) 


Exposed 
Group Difference Group 
86.7 
66.7 
13.3 
45.5 
214 
15.4 
66.7 
100.0 
60.0 
714 
50.0 

100.0 
66.7 
15.4 
78.6 
63.2 

100.0 
86.7 
714 

100.0 
31.6 
66.7 
100.0 
80.0 
93.3 
PS 
100.0 


Fatality, per Cent 


Control Exposed 
Group 


92.3 
80.0 
50.0 


100.0 
100.0 
50.0 
78.5 
84.6 
40.0 
100.0 


x 
When all the dust experiments lasting 24 or more days were taken together, the — value for 


incidence of infection for coal dust was 4.7. The difference in the incidence of infection was not significant 
for the smoke groups. The differences in the fatality were also not significant. 


infection between the dust-exposed animals and their controls. The difference in 
the case fatality rates between these rats and their controls varied in the different 
experiments. There was no significant or consistent difference in the fatality rates 
when the rats were exposed before inoculation or when they were exposed both 
before and after inoculation either in experiments of long duration or in those of 
short duration. 


In the smoke experiments there was no consistent difference in mortality 


between the exposed rats and their controls, no matter whether the rats were 
exposed only before inoculation or both before and after inoculation. 
tive results occurred with both filtered and unfiltered smoke. When experiments 
of similar duration were combined to determine the standard error of the differences, 


These nega- 


Difference 
“4 0 20.0 
35 0 —33.3 
61 0 60.0 —40.0 
110 0 33.3 —46.7 
145 0 0.0 —22.2 
154 0 4.5 + 83 
73.2 0.0 
88.8 + 5.5 4 / 
100.0 + 7.2 2 
25.0 —35.0 
93.3 + 8.7 d 
14 0 80.0 —20.0 q 
35 0 50.0 —33.0 
61 0 82.0 -18.0 
154 0 25.0 -21.2 q 
66.7 — 59 
100.0 0.0 
100.0 +16.7 
81.0 —11.8 3 q 
50.0 +10.0 : 
+23.0 
35 0 0.0 
60 0 +11.6 
0 7.2 3 
2 8.2 
14 —10.0 
24 +22.3 i 
— Zi 
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the calculations indicated that the observed differences in mortality between the 
smoke-exposed and the control animals were not statistically significant. Further- 
more, there was no significant difference between the exposed rats and their con- 
trols with regard to the total incidence of infection or the case fatality rate. 

It may be concluded from these experiments that inhalation of bituminous coal 
dust or bituminous coal smoke as arranged in these experiments did not increase 
the rats’ susceptibility to lobar pneumonia produced by intrabronchial injection of 
a mucin suspension of Type 1 pneumococci. These negative findings occurred with 
exposures of long duration as well as with exposures of short duration. In fact, 
on the basis of mortality experience, the coal-dust exposure of 14 or more days 


TABLE 7.—The Effect of Inhalation of Bituminous Coal Dust and Smoke on Mortality 
Following Intrabronchial Injection of Type 1 Pneumococci Suspended in Broth 


Duration of 
Exposure, Days Number of Incidence of 
OF Animals Mortality, per Cent Lobar Consolidation 
Before After A 


— x 
Inoeu- Inoeu- Control Exposed Control Exposed 


Control Exposed 
Exposure lation lation Group Group Group Group Difference Group Group Difference 
Coal dust 


10 
7 
30 
45 
95 
166 
Exposed* 
28 Exposed 
0 Exposed 
% Exposed 
145 Exposed 
7 
18 
9 
9 
158 
13 
22 
49 
93 
145 


Risse: 


Coal smoke 
unfiltered 


BOS: 


Exposed 
Exposed 
Exposed 
Exposed 
Exposed 


om 


* The rats were exposed to dust or smoke after inoculation until death or until killed at the end of seven days. 
Note—In the smoke experiments when all the experiments are taken together, the — value for mortality was 2.3; 


for the incidence of lobar consolidation in all experiments taken together in which the exposure was not continued after 
inoculation 2.8, and for the experiments in which exposure was continued after inoculation 1.9. 


Oy 3 all coal dust experiments are taken together the ~ value for mortality was 2.8 and for incidence of consoli- 
protected the animals against pneumonia induced by intrabronchial injection of 
Type 1 pneumococci in mucin. 

Broth Experiments——The results of the experiments in which the pneumococci 
were suspended in broth are given in Table 7. In the coal-dust experiments the 
results are not consistent. In general, the mortality was greater in the dust- 
exposed groups than in the controls, but the differences in mortality were not 
statistically significant except in two experiments. The difference in mortality 
between the dust and control groups was slightly significant when all groups were 
combined for statistical analyses. When the percentage of rats showing gross evi- 
dence of lobar consolidation in the dust-exposed groups was compared with that of 
the controls, no constant differences were found, although usually the incidence was 
slightly lower in the dust-exposed groups. 


15 15 20.0 20.0 0.0 26.7 20.0 — 6.7 
15 14 46.7 714 +24.7 26.7 7.1 —19.6 
15 15 40.0 53.3 +13.3 20.0 6.7 —13.3 
15 13 73.3 76.9 + 3.6 46.7 53.8 + 71 
18 14 50.0 92.9 +42.9 5.6 21.4 +15.8 
§ 4 15 4 6.7 21.4 4-14.7 20.0 14.3 — 5.7 
y ’ 15 15 6.7 0.0 ~~ 6.7 20.0 0.0 —20.0 
15 15 6.7 60.0 +53.3 20.0 33.3 —13.3 
i 14 15 64.3 60.0 — 43 42.9 40.0 — 2.9 
15 13 20.0 30.8 +10.8 20.0 7.7 —12.3 
{ P| 15 15 46.7 53.3 + 66 13.3 $3.3 +20.0 
; 15 15 46.7 46.7 0.0 13.3 33.3 +20.0 
: 15 15 58.3 86.7 +33 33.3 60.0 +26.7 
* 15 15 33.3 66.7 +33 6.7 20.0 +13.3 
3 14 11 28.6 36.4 +7 214 45.5 +24.1 
4 15 13 66.7 69.2 +2 60.0 15.4 —44.6 
4 15 14 66.7 92.9 +26] 60.0 50.0 —10.0 
15 14 60.0 64.3 +4 53.3 42.9 —10.5 
4 15 15 40.0 40.0 ( 13.3 6.7 — 6.6 
% 15 15 20.0 40.0 +201 20.0 20.0 0.0 
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In the smoke experiments the differences in mortality of the smoke-exposed 
rats and the control rats were not significant when the exposure was before inocula- 
tion only, nor when the exposure was both before and after inoculation, regardless 
of the duration of exposure. There was a consistently higher incidence of con- 
solidation in the smoke-exposed rats than in their controls when the exposure was 
only before inoculation, but a slightly lower incidence when the exposure was both 
before and after inoculation. In view of these opposite results it is probable that 
the differences were not significant. 

Effect of Inhalation of Bituminous Coal Dust and Smoke on Incidence of Spon- 
taneous Lung Disease and on Weight.—In the strain of rats used in these experi- 
ments there frequently develop in the lungs, when the animals have reached 
an advanced age, areas filled with mucus, pus, or caseous material. The incidence 
of such spontaneous lesions, based on the gross appearance of the lungs at autopsy, 
was recorded for those experimental and control groups which were exposed for 
more than 20 weeks. The findings indicated that the rats exposed to coal dust and 
those exposed to smoke had a higher rate of such gross pathologic changes in their 
lungs than the control rats. The incidence was 20% in the control groups, 33% 
in the coal-dust group, and 40% in the smoke group. 

Changes of weight which occurred in these rats over a period of 20 weeks also 
were studied. The average weight of the rats of each group at the beginning of the 
experiment was 216 gm. The control rats gained, on the average, 3 gm.; the coal- 
dust rats gained 1 gm., while the smoke-exposed rats lost 2 gm. Hence, the 20 
weeks’ exposure to bituminous coal dust or smoke was without any effect on the 
weight of these mature rats. 

COMMENT 


This investigation showed that inhalation of bituminous coal dust did not increase 
the rats’ susceptibility to lobar pneumonia, produced by intrabronchial injection of 
Type 1 pneumococci suspended in mucin, but, in fact, increased their resistance. 
No such protective mechanism was evident when the organisms were given in 
broth, a procedure which led primarily to a rapidly developing septicemia rather than 
to lobar consolidation. These results were similar to those obtained in the experi- 
ments with silica (quartz) and feldspar dust which were reported previously. It 
was shown that rats exposed to high concentrations of these dusts presented 
increased resistance to pneumococci suspended in mucin but not to those in broth.” 
In the coal-dust experiments this protective mechanism was evident only after 14 or 
more days of exposure, whereas in the silica and feldspar experiments it was evi- 
dent when the exposure lasted for only a few days as well as when it was continued 
for longer periods. In similar experiments with Portland cement dust no protective 
effect was evident except when the exposures were very much prolonged. 

The mechanism of the action of quartz, feldspar, and coal dust against the mucin- 
conveyed pneumococci is not clear. Since no protective effect appeared when the 
organisms were injected in broth, the effect of the dust exposure appeared to be 
related to the action of the mucin on the organisms. It has been shown in these 
and in other experiments that only a very few pneumococci are required to produce 
infection when they are injected into animals in a viscous mucin solution, whereas 
much larger numbers are required if they are injected in broth. The current theory 
is that the mucin protects the organisms from the defense mechanisms of the body, 
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thus permitting rapid growth of the organisms at the local focus. It seems probable 
that the dust either adsorbed the mucin or altered the physical or the chemical 
properties of the mucin in such a manner that the organisms were more subject to 
attack by the body defenses. Since silica, feldspar, and coal dust all protected the 
rats against the pneumococci in mucin, the protective action was not specific to the 
chemical nature of the dust. Another explanation is that the dust particles stimu- 
lated the mobilization of macrophages in the lungs, thereby increasing the local 
resistance against the bacteria. However, an increase of macrophage activity should 
have been evident also when the organisms were injected in broth unless the 
massive dose in this case overwhelmed the protective effect of the macrophages. 

Inhalation of smoke produced by the combustion of bituminous coal did not 
affect appreciably the rats’ resistance to the pneumococci whether the organisms 
were injected in broth or in mucin. There was, in general, a lower mortality in 
the smoke-exposed rats than in their controls when the organisms were suspended 
in mucin, but the differences were not statistically significant. These experiments 
indicated that the protection afforded by the coal dust was associated only with 
the presence of coal dust in the lungs. Exposing the rats to coal dust and smoke 
for over 20 weeks increased somewhat the incidence of spontaneous lung disease as 
judged by gross inspection of the lungs at autopsy but did not affect the weight of 
mature rats. 

CONCLUSIONS 


1. Exposing rats to bituminous coal dust for various periods of time did not 
increase their susceptibility to lobar pneumonia produced by intrabronchial injection 
of Type 1 pneumococci suspended in mucin. In fact, the mortality rate and the 
incidence of infection were lower in the rats exposed to the dust than in the control 
groups. When the organisms were injected in a broth medium, no very consistent 
or significant difference in mortality rate existed between the dust-exposed and the 
control groups. 


2. Exposing rats for long or short periods of time to smoke produced by the 
combustion of bituminous coal did not alter their susceptibility to Type 1 pneu- 
mococci when these organisms were injected intrabronchially in either broth or 
mucin. 
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EFFECT OF ALUMINUM DUST ON SUSCEPTIBILITY TO LOBAR 
PNEUMONIA—ANIMAL EXPERIMENTS 


FREDERICK J. VINTINNER, Sc.D. 
CONCORD, N. H. 


EVERAL years ago, series of experiments were started at the Johns Hopkins 

School of Hygiene and Public Health to study the effect of certain mineral dusts 
on susceptibility of rats to lobar pneumonia. In these experiments, dusts which 
represented the three groups of the common inorganic dusts, as suggested by Miller 
and Sayers,! were used. These authors classified dusts according to the type of 
reaction which results when the dust comes in contact with living tissue: (1) 
proliferation-or-fibrosis-producing dust (such as quartz), (2) inert dust (such as 
feldspar and coal), and (3) absorptive dust (such as Portland cement). The 
results of the experiments using quartz, feldspar, Portland cement, and bituminous 
coal have been reported.? In the series of experiments reported now, the effect of 
a metallic dust (aluminum) on the resistance shown by rats to lobar pneumonia was 
similarly investigated. 

METHODS 


The procedure used in this study was the same as that employed for the other dust experi- 
ments.? Briefly, rats were exposed in a dust chamber for various periods of time to air which 
contained a high concentration of aluminum dust, and then were inoculated intrabronchially 
with Type 1 pneumococci suspended either in mucin or in broth. Control rats, similar in age, 
sex, and weight, were kept in identical chambers with an air supply from the same source but 
without the addition of the dust. The aluminum dust used in the experiments was prepared by 
grinding pure metallic aluminum. The concentration of aluminum dust in the air of the dust 
chamber varied between 300 million and 1 billion, with an average of 800 million, dust particles 
per cubic foot of air. Measurement of the dust particles from the dust chamber showed that 
the particle size was less than 5 microns (“), with 90% of the particles below 3 # in 
diameter. The duration of the dust exposure before injection of the pneumococcal culture 
varied from 6 to 110 eight-hour exposure days in the different experiments. The method of 
exposing the animals, the technique of injecting the organisms, and the procedures used in 
analyzing the data have been described in the preceding paper.?¢ 


From the Department of Environmental Medicine, School of Hygiene and Public Health, 
The Johns Hopkins University, Baltimore. 
1. Miller, J. W., and Sayers, R. R.: The Physiological Response of Peritoneal Tissue to 


Certain Industrial and Pure Mineral Dusts, Pub. Health Rep. 51:1677 (Dec.) 1936. 


2. (a) Baetjer, A. M., and Vintinner, F. J.: The Effect of Silica and Feldspar Dusts on 


Susceptibility to Lobar Pneumonia, J. Indust. Hyg. & Toxicol. 26:4 (April) 1944. (b) Baetjer, 
A. M.: The Effect of Portland Cement Dust on the Lungs with Special Reference to Suscepti- 
bility to Lobar Pneumonia, ibid. 29:4 (July) 1947. (c) Vintinner, F. J., and Baetjer, A. M.: 
Effect of Bituminous Coal Dust and Smoke on the Lungs—Animal Experiments: I. Effects 
on Susceptibility to Pneumonia, A. M. A. Arch. Indust. Hyg., this issue, p. 206. 
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Mucin Experiments.—The mortality of the dust-exposed rats and the control 
rats following intrabronchial injection of pneumococci in mucin and the difference 
in mortality between these groups are given in Table 1 for each experiment, together 
with the number of animals and the duration of exposure. It will be seen that 
mortality was lower among the dust-exposed animals than among the controls in 
all experiments of 24 or more days’ exposure. The differences in mortality between 
the experimental and control groups in the individual experiments were not statis- 


Taste 1.—The Effect of Inhalation of Fine Aluminum Dust on Pneumonia Mortality 
(Pneumococci Given in Mucin Intrabronchially) 


Dust Exposure, Days 
Number of Animals 
Before After - 
Inocula- Inocula- Control Dust Control Dust 
tion Group Group Group Group Difference 
0 3.2 60.0 — 13.3 
0 § 6.7 80.0 


Mortality, per Cent 


Exposedt 
Exposed 
Exposed 


* Difference + standard error of difference. A value of 2.5 or greater was considered statistically signifi- 
eant. When all experiments in which the exposure lasted for 24 days or longer were combined, the X value 
was 3.7. 


+ Rats were exposed to dust after inoculation until death or until killed at the end of seven days. 


TasL_e 2—The Effect of Inhalation of Fine Aluminum Dust on the Incidence of Infection 
and Fatality from Pneumonia (Pneumococci Given in Mucin Intrabronchially) 


Dust Exposure, 


Incidence of Infection, 


per Cen 
Inocula- Inoeula- Control Dust Control Dust 
tion tion Group Group Difference Group Group Difference 
+ 20.0 $4.6 90.0 + 54 
+ 13.3 100.0 100.0 0.0 
— 40.0 83.3 0.0 
100.0 50.0 
42.8 
86.6 
80.0 
64.3 


Fatality, per Cent 


Exposed * 
Exposed 
80 Exposed 


* Rats were exposed to dust after inoculation until death or until killed at the end of seven days. 


Note.—When all the experiments lasting 24 or more days were taken together, the X value for incidence 
of infection was 2.3 and for fatality 3.1. as 


tically significant except in one experiment of 61 days’ exposure to dust. However, 
when all the experiments in which the dust exposure lasted 24 days or longer were 
combined, the difference in mortality between the dust-exposed animals and their 
controls was statistically significant. 


Table 2 shows the total incidence of infection and the case fatality rate for the 
animals in these experiments. In general, the incidence of infection and the case 
fatality rate were lower in the dust-exposed animals than in their controls when dust 
exposure was of some duration. When all experiments lasting 24 or more days 
were taken together, the difference between the experimental and control groups 


x* 
0.8 
O38 
35 0 15 10 33.3 0.0 — 33.3 2.0 ; 
61 0 14 4 92.9 35.7 — 57.2 3.2 
110 0 15 15 60.0 20.0 — 40.0 2.2 
0 15 15 73.3 86.7 +134 0.8 i 
24 15 b 66.7 58.3 — 13.4 08 
80 4 4 92.9 64.3 — 28.6 18 ; 
ys 
Day 
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divided by the standard error of the difference was 2.3 for the incidence of infection 
and 3.1 for the fatality rate. Therefore, the fatality rate for the dust-exposed rats 
was significantly lower than that for their controls. The difference in the incidence 
of infection was not significant. : 

It may be concluded from these experiments that inhalation of fine aluminum 
dust as arranged in these experiments did not increase susceptibility of rats to lobar 
pneumonia following intrabronchial injection of a mucin suspension of Type 1 pneu- 
mococci. In fact, the dust exposure appeared to increase the resistance of the 
rats to lobar pneumonia. 

Broth Experiments.—The data for the experiments in which pneumococci were 
suspended in broth are given in Table 3. As in the previous dust experiments, 
several thousand pneumococci were required to produce fatal infection. The response 
was chiefly a rapidly developing septicemia rather than local consolidation. 

In these experiments the rats were exposed only before inoculation. Under 
these conditions the mortality of the dust-exposed rats in general was higher than 
that of the control rats. The difference in mortality was statistically significant in 


TABLE 3.—The Effect of Inhalation of Fine Aluminum Dust on Mortality Following Intra- 
Pneumococci Suspended in Broth 


Dust Exposure, 
Number of Incidence of Lobar 
—_— Animals Mortality, per Cent Consolidation 
Inoeula- Inocula- Control Dust Control Dust Control Dust 
tion tion Group Group Group Group Difference Group Group Difference 

10 6.7 7 0.0 0.0 00 

17 20.0 20, 0.0 0.0 0.0 

30 46.6 9.9 33.4 26.7 13.3 — 13.3 

45 é 40.0 5.7 5.7 2.6 20.0 7 — 12.9 


one experiment of 45 days’ exposure. When the two experiments of 30 and 45 
days’ dust exposure, respectively, were combined, the difference between the experi- 
mental and control groups was found to be statistically significant. When the total 
incidence of lobar consolidation in the dust-exposed rats was compared with that 
of the control rats, no appreciable difference was found. 


Effect of Exposure to Aluminum Dust on Spontaneous Pathological Changes in 
the Lungs and on Weight.—lIn the strain of rats used in these experiments there 
frequently developed in the lungs, when the animals had reached an advanced age, 
areas filled with mucus, pus, or caseous material. In two experiments in which the 
rats were exposed to aluminum dust for 80 and 110 eight-hour days, the incidence of 
such spontaneous pathological changes, judged by the gross appearance of the lungs 
at autopsy, was recorded for the dust-exposed rats and the control rats. The findings 
indicated that there was no difference in incidence of such gross pathological changes 
in the lungs of the dust-exposed rats as compared with their controls. In the experi- 
ment lasting 110 eight-hour days the incidence of these gross changes was 26.7% in 
both the dust-exposed and the control rats, and in the experiment lasting 80 days 
it was 13.3%. 

The change in weight of the dust-exposed rats during the exposure period was 
compared with that in the controls in the experiment in which the exposure was for 
110 eight-hour exposure days. The average weight of the dust-exposed animals at 
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the beginning of the exposure was 146 gm. and that of the controls 144 gm. The 
rats exposed to aluminum dust gained, on the average, 90 gm., whereas the controls 
which were kept in a similar chamber with the same air supply but without dust, 
gained, on the average, 106 gm. Similarly, the dust yroup gained slightly less 
weight than the control group in the experiment in which the dust exposure was 
for 80 days. It may be concluded that exposing rats to very high concentrations 
of fine aluminum dust did not seriously affect the weight gain of these rats. 


COM MENT 


This investigation showed that rats exposed to aluminum dust were not rendered 
more susceptible to lobar pneumonia produced by intiabronchial inoculation of 
Type I pneumococci suspended in mucin. In fact, the inhaled aluminum dust 
increased their resistance to lobar pneumonia when the organisms were given in 
mucin. This result was similar to that found in previous experiments which demon- 
strated that the resistance of rats to pneumococci in mucin was increased after 
they had been exposed to high concentrations of silica (quartz),** feldspar,”" 
and bituminous coal dusts.*° Explanations which might be offered for the increased 
resistance which resulted from inhalation of dusts have been discussed in the 
preceding paper.*¢ 

When the pneumococci were injected intrabronchially in broth, a rapidly 
developing septicemia occurred rather than lobar consolidation. Under these con- 
ditions the mortality was greater for the rats which had been exposed to aluminum 
dust for some days than for their controls. Similar results were found in the silica, 
feldspar, and coal-dust experiments. 


These experiments showed that the inhalation of high concentrations of fine 
aluminum dust did not appreciably affect the weight gain or the incidence of spon- 
taneous pathological changes in the lungs of the rats used in the experiments. 

CONCLUSIONS 

1. Exposing rats to high concentrations of fine aluminum dust as in these 
experiments did not increase their susceptibility to Type 1 pneumococci injected 
intrabronchially in mucin. In fact, such exposures appeared to increase their 
resistance to lobar pneumonia. This was shown by the fact that the mortality and 
case fatality rate were lower in the dust-exposed rats than in their controls. There 
was no appreciable difference in the incidence of infection between the dust-exposed 
and the control rats. 


2. When the pneumococci were injected intrabronchially in broth there was, 
in general, a higher mortality in the dust-exposed rats than in their controls when 
the exposures were of long duration. There was no appreciable difference in the 
incidence of lobar consolidation in the dust-exposed and the control groups. 
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ETIOLOGIC FACTORS IN BRONCHIOGENIC CARCINOMA WITH 


SPECIAL REFERENCE TO INDUSTRIAL EXPOSURES 
Report of Eight Hundred Fifty-Seven Proved Cases 


ERNEST L. WYNDER, M.D. 
NEW YORK 
AND 
EVARTS A. GRAHAM, M.D. 
ST. LOUIS 


N A PREVIOUS paper we’ brought forth evidence directing attention to 

tobacco smoking as a factor in the causation of primary cancer of the lung. 
During the past year similar conclusions have been drawn by others in this country 
(Schrek and associates,” Levin and associates,* and Mills and Porter‘). Indirect 
evidence has been supplied from Iceland by Dungal,® who has demonstrated through 
his autopsy records a low incidence of bronchiogenic carcinoma in that country, 
noting at the same time that the annual consumption of tobacco in Iceland did not 
reach 1 lb. (0.5 kg.) per capita until 1945, an amount reached in Great Britain, 
which has a high incidence of lung cancer, as early as 1920. Recently a large-scale 
statistical study of this subject has been published in Great Britain by the well 
known statisticians Doll and Bradford Hill. That survey involves 709 lung-cancer 
patients and is based, as is our own survey, on cases collected only through personal 
interviews. It presents results remarkably similar to those shown in our own investi- 
gation. Among 649 male patients with primary carcinoma of the lungs the British 
workers found two nonsmokers. Doll and Bradford Hill concluded that “smoking 
is a factor, and an important factor, in the production of carcinoma of the lungs.” 
They emphasized, furthermore, that “the risk of developing carcinoma of the lungs 
increases steadily as the amount smoked increases.” 


From the Department of Medicine, Georgetown University School of Medicine, Washing- 
ton, D. C., and the Department of Surgery, Washington University School of Medicine, 
St. Louis. 

1. Wynder, E. L., and Graham, E. A.: Tobacco Smoking as a Possible Etiologic Factor in 
Bronchiogenic Carcinoma, J. A. M. A. 143:329-336 (May 27) 1950. 

2. Schrek, R.; Baker, L. A.; Ballard, G. P., and Dolgoff, S.: Tobacco Smoking as an 
Etiologic Factor in Disease: I. Cancer, Cancer Res. 10:49-58 (Jan.) 1950. 

3. Levin, M. L.; Goldstein, H., and Gerhardt, P. R.: Cancer and Tobacco Smoking, 
J. A. M. A. 143:336-338 (May 27) 1950. 

4. Mills, C. A., and Porter, M. M.: Tobacco Smoking Habits and Cancer of the Mouth 
and Respiratory System, Cancer Res. 10:539-542 (Sept.) 1950. 

5. Dungal, N.: Lung Cancer in Iceland, Lancet 259:245-247 (Aug. 12) 1950. 

6. Doll, R., and Hill, A. B.: Smoking and Carcinoma of the Lung, Brit. M. J. 2:739-748 
(Sept. 30) 1950. R. Doll, M.D., M. R. C. P., is a member of the Statistical Research Unit of the 
Medical Research Council; A. Bradford Hill, Ph.D. D.Sc., is professor of medical statistics, 
London School of Hygiene and Tropical Medicine. 
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The present paper presents data on possible exogenous factors other than 
tobacco smoking that have been considered by some writers to play a role in the 
induction of lung cancer. These data concern the urban and rural distributions 
and the occupations of lung-cancer patients. It is clear that all factors of irritation 
must be investigated in order to determine which one or which group of factors, if 
any, plays a responsible part. By comparing the data of this paper with those of our 
previous publication, we may note whether tobacco, and more particularly cigarets, 
is a major factor or just one of many factors involved in the etiology of cancer of 
the lungs. 


METHOD OF STUDY 


The present paper is based on 857 cases of proved bronchiogenic carcinoma. All of the 
patients were individually interviewed and data collected. This survey included 760 males who 
had epidermoid, undifferentiated, or unclassified bronchiogenic carcinoma, including 51 inter- 
viewed in Europe. The study also includes 43 males who had adenocarcinoma, as well as 54 
females, of whom 32 had epidermoid or undifferentiated carcinoma and 22 adenocarcinoma. 
For the comparative evaluation of the results regarding the urban and rural distributions of the 
patients, respectively, we give only the data from the Barnes Hospital Chest Service, St. Louis. 
For proper evaluation of the other data, similar control studies would have to be made in each 
section of the country. The size of the locality in which a given patient was placed depended on 
where he had lived during most of his adult life. 

In the presentation of occupational data the lung-cancer patients are compared with the 
patients having other diseases of the chest seen at the Barnes Hospital Chest Service, both 
groups being of simjlar age and economic distribution. These groups in turn are compared 
with the occupational groups of lung-cancer patients in hospitals elsewhere in the United States. 
To be placed in a given occupational category the patient must have worked in that job at least 
five years and within the last 40 yr. of his life. If a given worker was employed in more than 
one major occupation, that occupation was selected in which he felt he had been exposed the 
most to irritative dusts or fumes. The occupational history taken includes all jobs that a given 
person had held in his lifetime. It attempted not merely to get the names of the occupations but 
to learn the specific tasks that such jobs involved with special consideration of those in which 
the patient was exposed to irritative substances. The search for such substances was extended 
by questioning the patients about hobbies which might expose them to irritative factors. 


RESULTS 


Tobacco Consumption of Patients Interviewed —This report adds data on 128 
additional cases of lung cancer to our previous data. Among the 760 male patients 
(709 American and 51 European) with proved epidermoid, undifferentiated, or 
unclassified bronchiogenic carcinoma of the lungs there were 1.4% nonsmokers, 
2.6% light smokers, 9.7% moderately heavy smokers, 34.9% heavy smokers, 
30.5% excessive smokers, and 20.8% chain smokers.’ Table 1 shows the results 
broken down into three independent surveys, in all of which, however, the same 
questionnaire was used. Group A includes 166 persons interviewed by nonmedical 


7. Nonsmokers were persons who smoked less than one cigaret per day for more than 20 
yr.; light smokers, from one to nine cigarets per day for more than 20 yr.; moderately heavy 
smokers, from 10 to 15 cigarets per day for more than 20 yr.; heavy smokers, from 16 to 20 
cigarets per day for more than 20 yr.; excessive smokers, from 21 to 34 cigarets per day for 
more than 20 yr.; chain smokers, 35 cigarets or more per day for at least 20 yr. Pipe and 
cigar smokers have been included by arbitrarily counting one cigar as five cigarets and one 
pipeful as 2% cigarets. 

The term “light smokers” used above includes minimal smokers, from 1 to 4 cigarets a day 
(or the equivalent in pipes or cigars) for more than 20 yr. 
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investigators * at Barnes Hospital, who did not know the diagnosis of any given 
case in advance. Group B includes those patients interviewed and data collected 
by one of us (E. L. W.). Group C comprises the persons interviewed by other 
physicians.* Group C includes 37 persons interviewed by Mr. John Borrie, in 
England.” Borrie’s patients include 0.0% nonsmokers, 2.7% light smokers, 18.9% 
moderately heavy smokers, 37.8% heavy smokers, 24.3% excessive smokers, and 
16.2% chain smokers, 

The 43 male patients with adenocarcinoma of the lungs include 9.3% non- 
smokers, 4.7% minimal smokers, 6.9% light smokers, 13.9% moderately heavy 
smokers, 39.5% heavy smokers, 9.3% excessive smokers, and 16.3% chain smokers. 
Among the 32 female patients with epidermoid and undifferentiated carcinoma of 


Taste 1.—Percentage Distribution of 760 Male Patients with Epidermoid Undifferentiated, or 
Unclassified Bronchiogenic Carcinoma According to Tobacco Consumed 
Over a Twenty-Year Period * 


Group A Group B Group C Total 
428 166 760 


Nonsmokers 

Light smokers 
Moderately heavy smokers 
Heavy smokers 

Excessive smokers 

Chain smokers 


same questionnaire was used. The percentages relate to the number in the group. 


Taste 2.—Percentage Distribution of 200 Lung-Cancer Patients and 200 Patients with Other 
Diseases of the Chest from Barnes Hospital Chest Service, Both Groups of the 
Same Age and Economic Status 


Patients with 
Lung-Canecer Other Diseases of 

Size of Locality Patients (200) the Chest (200) 
32.0 35.0 
18.5 9.5 
14.0 22.5 


100.0 100.0 


the lungs there are 43.7% nonsmokers and 3.1% light smokers, with 53.1% being 
at least moderately heavy smokers. Among the 22 women with adenocarcinoma of 
the lungs there were 9.1% light smokers, the remainder being nonsmokers. 
Urban-Rural Distribution of Patients—The locality distribution of 200 lung- 
cancer patients and 200 patients with other chest diseases, both groups from the 


Barnes Hospital Chest Service and both of the same age and economic status, are 
shown in Table 2. 


8. Petty G. Proctor, B.A., and Adele B. Croninger, M.A. 

9. Dr. E. J. Ehrenhaft, University of lowa Hospital; Lt. Col. J. M. Salyer, Fitzsimmons 
General Hospital; Dr. E. J. Shabart, Veterans Administration Hospital, Hines, Ill.; Dr. C. T. 
Surington, Crile Veterans Hospital, Cleveland; Dr. H. G. Turner, 
York; Dr. G. W. Ware, Boston City Hospital, Boston. 


10. Mr. Borrie is assistant surgeon, Shotley Bridge General Hospital, Shotley Bridge, 
England. 


3ellevue Hospital, New 


12 1.6 1.2 14 
54 1.6 2.4 2.6 
ts 6.0 11.5 9.0 9.7 
33.8 36.7 31.3 
gniduschtdepalsheqebege 30.1 30.4 31.3 30.5 
23.5 18.2 4.7 20.8 
“For comparison the results are broken down into three independently conducted surveys in which the ¢ f 
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Statistical evaluation of the locality distribution data by Mr. Jerome Cornfield, 
chief of the Research Studies Unit, Biometric Section, National Cancer Institute, 


TABLE 3.—Percentage Occupational Distribution of Male Patients with Chest Diseases and 
Male Patients with Epidermoid, Undifferentiated, or Unclassified Lung Cancers 
of Barnes Hospital and Other United States Hospitals, Who Were 
Believed or Known to Have Been Exposed to Irritative 
Dusts and/or Fumes 


Barnes Hospital 
Chest Service 


A 


Diseases 
of Chest 
Other Than Other U.S. Total U.8. 
Lung Cancer, Cancer, Caneer, Cancer 
200 Patients 200 Patients 509 Patients 709 Patients 
Painter 


6.1% 
Hot metal worker.. 5. 
Cold metal worker. / . 3. 5.8 
Automobile mechan 


SOD 
ore 


Chauffeur....... 
Railroad worker. 
Electrician 

Cook 


Truek driver 
Shoe repairman 
Coal miner..... 


ear Siow 


Garage worker 
Lead miner 


1 
9 
9 
9 
7 
7 


Gardener......... 
Cable splicer. 
Junkman 

Coal truek driv 
Stationary engineer 
Hoisting engineer 
Paper cutter 

Roek driller 

Quarry worker 
Plasterer 

Railroad conductor 
Oil truek driver 
Gasoline and oil handler........ 
Asphalt worker. 


os 


Asbestos worker.... 
Windowshade maker. 
Upholsterer 

Powder worker... 
Cireus performer. 
Tombstone setter 
Wire roper 
Longshoreman.... 
Motor assembler 
Subway motorman 
Radio repairman 
Refrigerator repairman 
Glass blower 


revealed “no systematic statistically significant difference” in locality distribution 
between the lung-cancer patients and the other chest-disease patients. 

Of the remainder of the 509 American lung-cancer patients with epidermoid, 
undifferentiated or unclassified cancers, 8.4% lived in farm areas and 46.9% in 


cities with 100,000 or more population. Of the 43 male patients with adenocarci- 


noma, 9.3% lived in farm areas and 53.5% came from cities with a population of 
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AS 
4.0 3.5 
Construction 0.5 2.0 
aes 7.0 2.5 
0.0 05 1.0 
05 0.5 08 
0.0 0.0 0.6 
0.0 0.0 0.6 
ee 0.0 0.5 0.4 
0.0 0.5 04 
0.0 0.5 0.4 
0.0 0.0 04 
0.0 0.0 0.4 
0.0 0.0 0.4 
0.5 0.5 02 
0.0 0.5 0.0 
0.0 05 0.0 
0.5 0.0 0.2 
0.0 0.0 0.2 
0.0 0.0 0.2 
6 0.0 0.0 0.2 
0.0 0.0 0.2 0.1 
et 0.0 0.0 0.2 01 
0.0 00 0.2 01 
dee 0.0 0.0 0.2 01 
0.0 0.0 0.2 01 
0.0 0.5 0.0 0.1 
0.0 0.0 0.2 01 
0.0 0.0 0.2 01 
0.5 0.0 0.0 0.0 
1.0 0.0 0.0 0.0 
45.0% 59.5% 58.2% 55.0% 
90 119 271 390 
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100,000 or more. Of the 32 female patients with epidermoid or undifferentiated lung 
cancers, and the 22 female patients with adenocarcinoma, 12.5% and 18.2%, respec- 
tively, came from farm areas and 65.6% and 54.5% came from cities with a popula- 
tion of 100,000 or more. Data from the United States Census Bureau show that in 
April, 1949, the total civilian population living on farms amounted to 19.0%,"* and 
preliminary data show that in 1950 29.3% of the American population lived in 
cities of 100,000 or more.** 


Taste 4.—Percentage Occupational Distribution of Male Patients with Chest Diseases and Male 
Patients with Epidermoid, Undifferentiated, or Unclassified Lung Cancers of 
Barnes Hospital and Other United States Hospitals Who Were Believed 
Not to Have Been Exposed to Irritative Dust and/or Fumes 


Barnes Hospital 
Chest Service 
Diseases 
of Chest 
Other Than Other U.8. Total 
Lung Cancer, Cancer, Cancer, Cancer 
200 Patients 20 Patients 509 Patients 709 Patients 
10.5% 5.5% 
Farmer, rancher 15.6 9.0 
Executive........ 6.0 6.5 
Salesman. 5.0 ‘ 
1.0 
Accountant L5 
Bartender 1.0 
Physician 


ee 


Draftsman 
Musician 
Banker..... 


0.0 
0.5 
Huckster......... 0.5 
Surveyor....... 0.0 
Contractor.. 0.0 
Teacher... . 5 0.0 
Stevedore.. 0.5 
Priest.... 05 
Window cleaner 0.0 
Tea blender 0.0 
0.0 
0.0 
Gambler 5 0.0 
0.0 
40.5% 
81 


Distribution of Patients Relative to Occupations—The patients from whom data 
on occupational exposures were collected have been divided into Group A, workers 
exposed to known or suspected irritative dusts and/or fumes (Table 3), and Group 


B, workers not believed to have been exposed to such substances any more than one 
is ordinarily exposed in his daily environment (Table 4). 


11. United States Census Bureau, Current Population Report, Series P-20, No. 26. 
12. United States Census Bureau, Census Population, P-3, No. 8. 
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04 0.3 
04 0.3 
0.0 0.1 
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Fifty different occupations were presented in Group A and 36 in Group B, 
totaling 86 occupations found among 709 American male lung-cancer patients. 

Group A: Three hundred and ninety of the total number of American male 
lung-cancer patients fall into Group A (55%). The Barnes lung-cancer patients 
show a percentage of 59.5 in that group, compared with 45.0% of the Barnes patients 
with noncancer chest diseases. The highest occupational incidence in Group A is 
that of painters (6.1%). There are 5.8% hot-metal workers and 4.8% other 
metal workers, giving a total of 10.6% metal workers. Among those exposed to 
hot metal are 27 foundry and steel-mill workers, 6 welders, 5 smelters, and 3 
blacksmiths. Among the other metal workers are 21 machinists, 8 sheet-metal 
workers, 3 metal grinders, and 2 metal polishers (1 brass and 1 nickel). Additional 
workers who may be exposed to some metals are electricians (1.8%), plumbers 
(1.1%), lead miners (0.9%), and printers, (0.7%); automobile mechanics total 
3.2%. Other workers who had been exposed to gasoline and oil fumes include 
oil-field workers (1.3%) garage workers (0.9% ), and oil-truck drivers, and gaso- 
line-and-oil handlers (0.1% each). A higher-than-average gasoline-fume exposure 
may also involve chauffeurs (2.5% ) and truck drivers (1.6% ). Carpenters (2.9% ) 
and cabinet makers (0.9% ) are exposed to wood dust. The latter are also exposed 
to varnish. One packer (0.1% ) was exposed to wood dust (excelsior ). 

Group B: There are 319 American male lung-cancer patients whose histories 
reveal no significant known or suspected inhalation of irritative dusts or fumes 
(45.0%). In the Barnes lung-cancer subgroup 40.5% are in Group B and in the 
control Barnes chest subgroup 55.5%. The occupations with a high percentage in 
Group B are those which have a high percentage among the general population, as 
may be seen from the Barnes chest control group. In the total United States cancer 
group there are 6.9% clerks, 6.5% farmers and ranchers, 5.5% executives, 5.4% 
salesmen, and 3.2% merchants. Physicians make up 1.0% of the total group. 


Statistical Analysis of the Occupational Incidence: The statistical analysis of 
these data was also carried out by Mr. Cornfield. He concludes: 


Chi-square computed for all 66 occupations having at least one patient in the Barnes Hospital 
group was 60, soniewhat less than the expectation of 65, and consequently not significant. The 
only occupation, considered by itself, which occurred with significantly higher frequency 
among the cancer group was that of painter. The probability of obtaining at least as large a 
positive difference as that observed was 0.01. This calculation does not take into account, 
however, the fact that painters were selected for a significance test because they showed the 
largest difference between the cancer and noncancer Barnes Hospital subgroups. When 
allowance is made for the fact that 17 occupations could have shown at least this large a 
difference, the probability is increased to over 0.10. In consequence, the difference observed for 
painters is no larger than the largest difference that could have been observed in a series of this 
size if no difference in fact existed. 

When all workers handling metals are combined, a higher percentage is observed among the 
cancer patients than among the other chest disease patients. A positive: difference of this 
magnitude could have equaled or exceeded by chance alone five times out of 100 (p is 0.05). 
A similar consideration of all workers exposed to oil and gasoline fumes yields a positive 
difference that could have been equaled or exceeded by chance alone 10 times in 100 (p is 0.10). 

In summary, while there are several suggestive relationships, there is no decisive statistical 
evidence that any of the occupations studied occurs with greater frequency among the cancer 
patients than among the other chest disease patients of the Barnes Hospital. 
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European Data.—Fifty-one patients were interviewed in Europe (43 in Eng- 
land and eight in France). Thirty-seven of these were interviewed by Mr. Borrie, 
who obtained most of his subjects from a highly industrial region. Thirty-one of 
the Europeans (60.8% ) had been exposed to some known or suspected dust and/or 
fumes. Among them were seven miners, six hot-metal workers, four electrical 
engineers, three carpenters, two metal workers, two automobile mechanics, two 
chauffeurs, one rock laborer, one baker, one painter, one railroad worker, and one 
shoe repairer. The remainder (39.2%), with no known or suspected occupational 
exposures, included six clerks, three merchants, two executives, two salesmen, two 
farmers, one photographer, one ship captain, one merchant, one dairyman, and one 
general laborer. 

Nonsmokers and Minimal Smokers——Among the 760 males presenting epider- 
moid, undifferentiated, and unclassified bronchiogenic lung cancers there were 18 
nonsmokers or minimal smokers. Their occupation distribution has been tabulated 
in Table 5. 


Taste 5.—Occupational Distribution of Eighteen Male Patients with Epidermoid Undiffer- 
entiated, or Unclassified Bronchiogenic Carcinoma, Who Were Either Nonsmokers 
or Mimimal Smokers 


Cabinet makers 
Painters 


Gasoline and of] workers....... 
Engineer (gardener) 
Shoemaker 

Hoisting engineer 

Canvas rigger 

Packer 

Salesman 

Accountant 

Lawyer 

Stevedore 


Among the 11 nonsmokers two patients, a lawyer and an accountant, gave no 
history of having been exposed to known or suspected exogenous irritants. Among 
the seven minimal smokers were two patients with no such exposures, a salesman 
and a stevedore. 


Histories of Occupational Exposures of Nonsmokers.—1. K. J., a white man, 65, with squa- 
mous cell carcinoma of the right upper-lobe bronchus, had double pneumonia in 1919 and 1925. 
He lived in a small town. He had been a painter through all of his adult life and had. mixed his 
own paints. He had never used spray paints. 

2. F. B., a white man, 46, with an undifferentiated carcinoma of the left lower-lobe bronchus. 
gave no history of previous lung disease. He had lived in large cities most of his life. From 
18 to 30 yr. of age he was a painter, working chiefly on ships. He used spray paints and 
also mixed his own paints. Since that time he had done more general construction work 
(builder’s laborer) but still did considerable painting.'* 

3. G. B., a white man, 74, with squamous-cell carcinoma of the right upper lobe, lived in a 
mining town in the Middle West. He gave no history of previous lung diseases. For nearly 
60 yr. he had worked in a smelting refinery where he was excessively exposed to hot-metal 
fumes in particular to lead, copper, and zinc. He also had worked periodically in the arsenic 
shop of the plant. 


13. This case was contributed by M. D. Barlow and A. E. Carter, London Chest Hospital, 
London, England. 
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4. H. H., a white man, 72, with epidermoid carcinoma of the bronchi of the middle and 
upper lobes of the right lung, gave a history of pneumonia (1925) and repeated bouts of 
influenza. He lived in a rural community in Missouri. From 1911 to 1937 he had been a 
blacksmith, exposed to hot steel fumes and coal smoke. Since that time he had been a buyer of 
hides, wools, and furs with no specific exposures. 


5. L. Y., a white man, 57, with squamous-cell carcinoma of the right middle-lobe bronchus, 
lived in a town of 5,000 population in Illinois. He gave no history of previous lung diseases. 
He had been a farmer until he was 37 yr. old. After that he drove a gasoline truck for 12 yr. 
During the latter period he was exposed to gasoline fumes. He stated that on two occasions 
lead poisoning developed. After the last attack he left the job and became street commissioner, 
with no further specific occupational exposures. 

6. C. F., a white man, 49, with an unclassified bronchiogenic carcinoma of the right upper 
lobe, had influenza in 1941. He lived in a town of 25,000. From 1916 to 1944 he delivered oil and 
gasoline to neighboring farm areas. In some instances he delivered the oil in barrels, but 
in many cases he had to transfer the oil from the barrels to permanent containers by means 
of a crude pump. He also handled the gas station of his father’s general store. From 1944 
to 1947 he merely operated the store, and from 1947 to 1949 he did no particular work. From 
October 1949 to May 1950 he was an oil-tank driver. 

7. C. G., a white man, 59, with a squamous-cell carcinoma of the right lower-lobe bronchus, 
lived in Los Angeles and gave no history of previous lung diseases. Throughout his adult life 
he had been a cabinet maker. 


In this occupation he was exposed to sawdust as well as to varnish 
and occasional paints. 


8. C. R., a white man, 52, with a squamous-cell carcinoma of the right upper lobe, lived 
in a town of 50,000. He gave no history of previous lung diseases. He had been a telephone 
engineer and had not undergone any occupational exposures. However, he raised flowers as a 
hobby. In this connection he had been exposed to a variety of insecticide sprays for the past 
14 yr. These included primarily kerosene, nicotine, and arsenical sprays. Eight years prior 
to the development of symptoms of lung tumor, the patient noted the appearance of multiple 
skin tumors over the extremities and the trunk. These tumors were shown to be benign basal- 
cell epitheliomas. No determination of the arsenic content of these tumors was made. The 
lesion of the lung was regarded as a primary epidermoid carcinoma. The patient never used 
a mask while spraying. 

9. H. H., a white man, 72, with a squamous-cell carcinoma of the right upper lobe, lived in 
a small village in Missouri. He had pneumonia in 1919. In 1927 he fractured his lower ribs 
bilaterally. He had been an accountant, with no occupational exposures. About once a year 
during the seven years prior to the interview he had sprayed his flowers with nicotine. 

10. P. S., a white man, 52, with an undifferentiated carcinoma of the left lung, lived in 
Cleveland. There is no history of previous lung diseases. In his youth the patient had worked 
for eight years in newspaper plants where, he stated, he was exposed to excessive paper dust. 
Since 1923 he had practised law, with no further history of occupational or hobby exposures.'* 

11. T. S., a white man, 39, with a squamous-cell carcinoma of the left lower-lobe bronchus, 


lived in New York and gave no history of previous lung disease. He had been a sail maker and 
canvas rigger by trade. 


During the war years he worked in a job where he had to cover pipes 
with asbestos.15 


Adenocarcinoma in Males——Among the 43 male patients with adenocarcinoma 
of the lungs are 22 with known or suspected occupational dust or fume exposures 
(51.2%): three hot-metal workers (6.9%), two painters, two chauffeurs, two 
truck drivers, and two railroad workers (4.7% each); the group also includes a 
Diesel-engine driver, a shoe-factory worker, a lumber-mill worker, a tailor, a 


14. This case was contributed by Dr. C. T. Surington, Crile Veterans Hospital, Cleveland. 


15. This case was contributed by Dr. H. G. Turner, Columbia Chest Service, Bellevue 
Hospital, New York. 
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blocker, a gas-station attendant, a construction worker, a longshoreman, a baker, a 
mason, and a plumber (2.3% each). 

Among the patients with no suspected occupational exposures (48.8%) are 
four executives and four clerks (9.3% each), three salesmen and three farmers 
(6.9% each), and a poolroom operator, an army officer, a draftsman, a collector, 
a physician, a minister, and an editor (2.3% each). 

The four nonsmokers are a 34-year-old clerk, a 50-year-old jeweler, a 73-year- 
old minister, and a 59-year-old merchant. The two minimal smokers are a 65-year- 
old farmer and a 60-year-old truck driver. Among these six patients only the truck 
driver had some occupational exposure. The jeweler worked chiefly in the executive 
branch of his profession. Two of the nonsmokers (the jeweler and the merchant) 
had terminal bronchiolar carcinoma. 


Epidermoid Carcinoma in Women.—Among 18 women with a smoking history 
are six with some occupational exposure (33.3%): a cigar-factory worker, a 
weaver, a gunpowder-factory worker, a laundry worker, a shoe-factory worker, 
and a seamstress. The other 12 patients include five housewives, three clerks, two 
salesgirls, one waitress, and one writer. The shoe-factory worker was exposed to 
leather dusts but not to dyes. The cigar-factory worker had been a heavy smoker 
for many years. 

The 12 nonsmokers include six housewives, two clerks and a secretary, a 
teacher, a weaver, and a seamstress. 


Adenocarcinoma in Women.—Among the 22 patients in this group, which 
includes two light smokers, there are two women with some occupational exposure, 
one an egg-case maker and one a shoe assembler. Among the remainder are 15 
housewives, including three farmers’ wives, three clerks, two salesgirls, and one 
stenographer. 

Role of Locality—In general an evaluation of locality distribution depends 
largely on the locality of the hospital at which the patients are seen. The patients at 
Barnes Hospital come from many widely separated cities and rural communities, 
most of which are in the Midwest and Southwest. The data from Barnes Hospital 
seem to indicate that city life plays no significant role in the induction of primary 
carcinoma of the lung. The remaining locality data show a suggestive higher 
frequency of lung cancer among city patients. This, however, may be at least partly 
due to the fact that this survey has been conducted primarily in hospitals in large 
cities. British studies have indicated a higher incidence of lung cancer in the city 
population.'® In this connection we must consider that city people have better 
access to the large hospitals, where better means of diagnosis are available. One 
cannot rule out the possibility, however, that city life plays a part in the induction 
of lung cancer in individual cases, especially in view of the fact that city dust has 
been shown experimentally to be weakly carcinogenic.’ Yet, city life, to which 
women are exposed as much as men, could not explain the greater incidence of lung 
cancer among men. 

16. Stocks, P.: Thirteenth Annual Report of the British Empire Cancer Campaign, London, 
Royal College of Surgeons, Lincoln's Inn Field, 1936, p. 239. 

17. Campbell, J. A.: Cancer of Skin and Increase in Incidence of Primary Tumours of Lung 
in Mice Exposed to Dust Obtained from Tarred Roads, Brit. J. Exper. Path. 15:287-294 (Oct.) 
1934; Annual Report of the British Empire Cancer Campaign, 1949, London, Royal College of 
Surgeons, Lincoln’s Inn Fields, p. 98. 
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Role of Occupation—With respect to cancer of the lungs, the classic reports 
are those based on the Schneeberg'* and Joachimstal miners.** Machle and 
Gregorius, in this country, have stressed the high incidence of lung cancer among 
chromate workers,?° while Lynch and Smith *! found carcinoma of the lung more 
commonly than expected among workers exposed to asbestos. In England Brad- 
ford Hill and his co-workers *? have presented good evidence that lung cancer is 
higher among arsenical workers than among the general population. Among the 
occupational hazards possibly exposing the worker to carcinogenic substances 
Hueper lists tar fumes, mineral-oil mists, chromium dusts, nickel-carbonyl vapors, 
arsenic dusts and fumes, asbestos dust, isopropyl-oil vapors, and radioactive gases 
and dust.** Mueller ** felt that lead may be carcinogenic in the lungs. 

The increase of the incidence of lung cancer has been too universal to be 
explained by any or by all of the above-mentioned exposures. This conclusion 
was also reached by the Kennaways,** who, after studying the death certificates of 
all lung-cancer patients dying in England and Wales from 1921 to 1938, stated, “No 
special occupations have been found among the 63 examined to which the increase 
in the total number of cases of cancer of the lung could be attributed.” Most of 
the industries so far emphasized in the literature as having a high incidence of lung 
cancer are limited to a small group of people, so that they would not appear signifi- 
cant in a countrywide survey of lung-cancer incidence. It is not surprising, therefore, 
that these occupations do not stand in the foreground in our results. As 86 dif- 
ferent occupations have been encountered among patients with cancer of the lungs, 
indeed a good cross section of occupations generally found in this country, it appears 
clear that a statistical evaluation of each given occupation would not show very 
significant results. The data, however, are suggestive that certain occupations 
expose the worker to cancer-inducing substances. 


The occupations most suggestive in this regard are those that fulfill the follow- 
ing criteria: 1. The occupation should have a markedly higher incidence among 
lung-cancer patients than among other patients. 2. The occupations must have a 


18. Rostoski, Saupe, and Smorl: Die Bergkrankheit der Erzbergleute in Schneeberg in 
Sachsen, Ztschr. Krebsforsch. 23:360-384, 1926. 

19. Pirchan, A., and Sikl, H.: Cancer of the Lung in the Miners of Jachymov, Am. J. 
Cancer 16:681-722 (July) 1932. 

20. Machle, W., and Gregorius, F.: Cancer of Respiratory System in U. S., Chromate- 
Producing Industry, Pub. Health Rep. 63:1114-1127 (Aug. 27) 1948. 

21. Lynch, K. M., and Smith, W. A.: Pulmonary Asbestosis: III. Carcinoma of the Lung 
in Asbestos-Silicosis, Am. J. Cancer 24:56-64 (May) 1935. 

22. Hill, B. A., and others: Studies in Incidence of Cancer in Factories Handling Inorganic 
Compounds of Arsenic. Mortality Experience in Factory: Clinical and Environmental 
Investigation, Brit. J. Indust. Med. 5:1-15 (Jan.) 1948. 

23. Hueper, W. C.: A Methodology for Environmental and Occupational Cancer Survey, 
Technical Monograph No. 1, Federal Security Agency, United States Public Health Service, 
1942; Occupational Tumors and Allied Diseases, Springfield, Ill, Charles C Thomas, Pub- 
lisher, 1942; personal communication to the authors. 

24. Mueller, F. H.: Tabakmissbrauch und Lungencarcinom, Ztschr. Krebsforsch. 49:57-85, 
1939. 

25. Kennaway, N. M., and Kennaway, E. L.: A Study of the Incidence of Cancer of the 
Lung and Larynx, J. Indust. Hyg. 36:267 (July) 1936; Kennaway, A Further Study of the 
Incidence of Cancer of the Lung and Larynx, Brit. J. Cancer 1:260-298 (Sept.) 1947. 
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higher than expected incidence among the total number of cases of lung cancer. 3. 
The occupation should be found among those lung-cancer patients who have been 
either nonsmokers or minimal smokers. It seems that if a given occupation qualifies 
on all three points, good circumstantial evidence has been established that this par- 
ticular occupation exposes the worker to substances that are carcinogenic. The 
three occupations that stand out in this regard are those exposing the worker to 
hot-metal fumes and metal dust, to paint, and to lubricating oils and gasoline fumes. 
The occupations occurring with greatest frequency were those in which workers 
were exposed to metal fumes or dust. In 6.1% of the lung-cancer patients, inhalation 
of hot-metal fumes was noted, and 5.5% were exposed to cold metal. One non- 
smoker had a lifelong exposure to hot-metal fumes as a smelter, and one had been 
a blacksmith for 17 years. 

The data on painters seem particularly striking. Among 43 painters (6.1%) 
there were two nonsmokers. About one-half of the painters used spray guns. They 
all mixed their own paints. Cabinet makers with exposure to varnish and some 
paint, as well as to wood dust, may fall into a similar occupational category. It is 
noteworthy that in spite of the comparative rarity of this occupation we found one 
nonsmoker and two minimal smokers with lung cancer among cabinet makers. 
Automobile mechanics (3.2% ) are exposed to a variety of irritative fumes, includ- 
ing those from gasoline, welding, and lubricating oils. The fact that one nonsmoker 
with lung cancer was a gasoline-and-oil handler, and that another nonsmoker had 
been an oil-tank truck driver, lends suspicion to a possible carcinogenic influence of 
the inhalation of gasoline and oil fumes. In one worker exposed to asbestos no 
evidence of asbestosis could be established. No chromate workers were encountered 
in this survey. Mueller ** has recorded a lung cancer that occurred in a chromate 
worker who was a nonsmoker. Of special significance may be arsenic exposure of 
workers. Smelting workers are exposed to some arsenic. Four of 25 patients with 
lung cancer seen in Utah were smelting workers. These workers, however, are 
also exposed to hot-metal fumes and metal dust. One nonsmoker had been 
exposed to arsenical insecticide. No others were encountered who had undergone 
excessive exposure to arsenical insecticides. It must be considered, however, that 
most lung-cancer patients have been exposed to arsenic, because of its presence in 
cigaret paper and because tobacco itself is sprayed with arsenical insecticides during 
its period of growth. Of some significance may be carpenters (2.9%); they, like 
cabinet makers, are exposed to wood dust. 

There are some other occupations that seem to appear more frequently among 
lung-cancer cases which have been listed previously. It seems evident that because 
of their relative specialization, the lung-cancer incidence of these occupations can be 
fully appreciated only by a survey among workers involved in these specific indus- 
tries. 


Other General Occupational Surveys.—lIn addition to studies concerning lung- 
cancer in particular industries, several general surveys of occupations among lung- 
cancer patients have been carried out. Most of these studies have been based on 
mortality records. The most extensive of them have been presented by the Kenna- 
ways,”* who reviewed the occupations of 23,549 lung-cancer patients from England 
and Wales, covering the period from 1921 to 1938. Among 63 examined occupa- 
tional groups, the Kennaways *° recorded 39 metal grinders with a ratio of 202 (the 
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ratio of registered to 100 calculated deaths), 2 blast-furnace men (ratio of 149), 
437 motor drivers (ratio of 149), 94 cabinet makers (ratio of 147), and 499 
painters (ratio of 129). Their highest ratio is that of fuel workers with three cases 
and a ratio of 517, and gas stokers and coke-oven chargers with 85 cases and a 
ratio of 284. A study of cancer mortality in Sheffield, England (1926 to 1935), by 
Turner and Grace,”* showed a significantly high mortality of cancer of the respira- 
tory system in foundry workers, grinders, and engineers, all of whom are exposed 
to either hot or cold metals. In the survey painters were not found to have a signifi- 
cantly high incidence of lung cancer. 

The Clinical Research Committee of the British Empire Campaign,”* in 1944, 
analyzing more than 1,000 cases of primary carcinoma of the lungs, found that engi- 
neers, mechanics, painters, and decorators are more liable to the development of 
cancer of the lung than other occupational groups. Fulton,** analyzing 1,610 cases 
cases of lung cancer from the register of the Liverpool Cancer Control Organization 
(1944 to 1948), called attention to the apparently high number of cases occurring 
among furnace men and painters. A Dutch survey by Versluys,*® based on mortality 
records (1931 to 1935) and covering 1,291 lung-cancer cases, shows a high incidence 
especially among “white collar” workers, diamond cutters, drapers, barmen, hall 
porters, cigar makers and tobacconists. In Germany among 86 lung-cancer patients, 
about all of whom information was obtained by special forms, Mueller ** found that 
8.1% were painters, 5.8% lead workers, 3.5% plumbers, 2.3% wire makers, 
1.2% foundry workers and 1.2% tool and die makers. 

An American survey by the Metropolitan Life Insurance Company *° (1937 to 
1939) includes 1,682 lung-cancer cases and covers white male wage earners insured 
under its industrial policy. It lists occupations with probably higher than average 
death rate from cancer of the lungs. In these data the percentages indicate number 
of deaths from cancer of the lungs per 100 deaths from all causes. The list includes 
5 engravers (6%), 7 welders (3.2%), 62 painters (2.2%), and 9 coppersmiths 
(2.2%), as well as blacksmiths, plumbers, steam fitters, masons, cooks, laundry 
workers, mail carriers, miners (excluding coal miners), plasterers, slaughter-and- 
packing-house workers, street cleaners, tannery workers, tailors, and traveling 
salesmen. In this study painters make up 3.9% of the total lung-cancer group. 

The best agreement among these general occupational surveys of lung-cancer 
patients concerns the high proportion of metal workers and of painters among lung- 
cancer patients. It must be realized, of course, that data based on mortality records 
may conceal occupational exposures that workers may have had in their earlier life. 
For this reason, complete occupational histories appear essential if one is to evaluate 
fully the importance of industrial exposures in the production of lung cancer. 

Sectional Differences——With the great variety of occupations encountered in 
life it becomes evident that thousands of control cases would be necessary to evaluate 


26. Turner, H. M., and Grace, H. G.: An Investigation into Cancer Mortality Among 
Males in Certain Shefheld Trades, J. Hyg. 38:90-103, 1938. 


. Clinical Research Committee of the British Empire Campaign, editorial, Brit. M. J. 
22, 1944, 


. Fulton, J. S.: Carcinoma of the Lung, Proc. Roy. Soc. Med. 42:775-782 (Oct.) 1949. 


29. Versluys, J. J.: Cancer and Occupation in the Netherlands, Brit. J. Cancer 3:161-185 
(June) 1949. 


30. By L. I. Dublin and R. J. Vane of the Metropolitan Life Insurance Company, Statistical 
Division. 
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the lung-cancer data properly. These studies, furthermore, would have to be carried 
out separately for each country, as well as for all sections of each country, and even 
for each given hospital, for though smoking habits are more or less uniform through- 
out a given country, occupations vary markedly, depending on climate, special 
industries, and other conditions. We used for our.control data the Barnes Hospital 
Chest Service noncancer cases. These comprise rather large numbers of farmers, 
miners, railroad workers and oil-field workers, reflecting the industries of the area 
surrounding St. Louis. Similarly, we have noted a preponderance of heavy-metal 
workers in the Middle West and in the industrial Eastern section, a high incidence 
of restaurant workers in California, and a high ratio of tailors and taxicab drivers 
in New York City. 

General Role of Occupations —While this survey may not show a high incidence 
of highly specialized and sectional industries which may have an influence on the 
production of lung cancer, it nevertheless gives a good indication of the prevalence 
of lung cancer among general occupations on a nationwide basis. The great number 
of occupations involved shows that the occupational exposures per se could not 
have given rise to the great increase in the incidence of lung cancer. The high 
incidence of lung cancer among “white collar” workers, too, and the high incidence 
among workers who were not known or suspected to have been exposed to irritative 
dusts and fumes speak against this concept. There are a few occupations, however, 
listed previously, which, in addition to those already recorded in the literature, seem 
to exert some influence on the induction of lung cancer. In contrast to the Schnee- 
berg and Joachimstal mines and possibly a few other specialized industries with 
which exposures have been associated, most occupations listed in this report seem 
to be, if at all, but weakly carcinogenic. It is possible that their main effect may lie 
in an action synergistic with that of tobacco smoke, since the vast majority of these 
patients also have been considerable smokers. In this connection one should recall 
the work of Berenblum,*! who showed a very definite synergistic effect of croton 
resin in experiments in which carcinoma was produced with carcinogenic agents. 

Adenocarcinoma in Males.—Because of the relatively few patients in this group 
no definite conclusions can be drawn. We previously concluded that tobacco smok- 
ing does not bear as clear a relationship to this histological type as to the epidermoid 
and the undifferentiated carcinoma of the lung. Since in this group, however, we 
do find more excessive smokers than in the general hospital populations, as well as 
an apparently high number of workers in industries found more commonly asso- 
ciated with the other types of lung cancer, it would appear that perhaps exogenous 
irritation also plays a part in the induction of adenocarcinoma in some cases. We 
feel that these factors play no significant role in the induction of adenoma and the 
so-called alveolar-cell carcinoma. 

Carcinoma of the Lungs in Women.—Our studies of tobacco smoking have 
shown that among women 43.7% of those presenting the epidermoid and undiffer- 
entiated types and 89.9% of those showing adenocarcinoma were nonsmokers. In 


the latter type of cancer, tobacco was found to have no statistically significant influ- 


31. Berenblum, I.: The Mechanism of Carcinogenesis: Study of the Significance of 
Cocarcinogenic Action and Related Phenomena, Cancer Res. 1:807-814 (Oct.) 1941. 
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ence, while in the former types smoking seems to play a significant part. At the same 
time, occupational exposures do not seem significant in respect to either of the histo- 
logical types of lung cancer in women, one principal exception, in this survey, being 
the cancer of a tobacco-factory worker. This patient, however, was also an excessive 
smoker. It is difficult to state whether the female lung-cancer patients have a lower 
incidence of tobacco and occupational-carcinogen exposures because the female 
population is normally exposed less to these substances, or whether women inher- 
ently are more susceptible to lung cancer than men and thus may have lung cancer 
in the absence of strong exogenous irritation. In this connection Kemler and 
Graham ** have demonstrated that bronchiogenic carcinoma can be transplanted 
from male patients to the eyes of both male and female guinea pigs with equal 
facility. This would suggest that inherent sex factors have little, if anything, to 
do with certain differences noted in the incidence as well as in the causation of 
bronchiogenic carcinoma in men and women. 

Academic and Clinical Aspects.—The evaluation of occupational exposures falls 
within obvious confines of preventive medicine and public health. Beyond this it 
is also of academic importance, for it may point out carcinogens not yet known to 
be active against human tissues and thus expand present knowledge about carci- 
nogenesis. Clinically it is of significance as an aid in the differential diagnosis of 
chest diseases. In taking the history of an adult patient with chest symptoms one 
should, in addition to recording an accurate history of smoking, pay special attention 
to occupations ; for a patient who is an excessive smoker and who in addition has 
also been employed in occupations that seem to have a high incidence of cancer of 
the lungs appears to be particularly prone to the development of bronchiogenic 
carcinoma. On the other hand, without such exposures a male patient will not 
commonly be found to have an epidermoid carcinoma or an undifferentiated car- 
cinoma of the lungs. 

Industrial Carcinogens.—It does not lie within the scope of this communication 
to elaborate on what substance or substances encountered in a given occupation may 
be carcinogenic. In this report we have merely tried to outline the occupations 
reported by lung-cancer patients, leaving for other studies the determination of why 
certain industrial workers may have a higher than expected incidence of bronchio- 
genic carcinoma. Special attention should be paid to arsenic, a substance generally 
accepted as a carcinogen for man, because it is encountered in several occupations 
with a high incidence of lung cancer and because it is present in tobacco.** Occu- 
pational data also place emphasis on the need for further studies of heavy metals. 
Research on the organic fractions encountered in occupations with a high incidence 
of lung cancer should be extended. This also applies to tobacco tars, which should be 
studied with the care and resourcefulness that have been applied to the study of coal 


32. Kemler, R. L., and Graham, E. A.: Studies on the Influence of Sex Hormones on 
Successful Heterologous Transplantation of Human Bronchiogenic Carcinoma, Cancer 3:735- 
738 (Aug.) 1950. 

33. Neubauer, O.: Arsenicai Cancer: Review, Brit. J. Cancer 1:192-251 (June) 1947. 
Thomas, M. D., and Collier, T. R.: Concentration of Arsenic in Tobacco Smoke Determined by 
Rapid Titrimetric Method, J. Indust. Hyg. & Toxicol. 27:201-206 (Sept.) 1945. Daff, M. E., 
and Kennaway, E. L.: The Arsenic Content of Tobacco and Tobacco Smoke, Brit. J. Cancer 
3:173-182 (June) 1950. 
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tar. Specific carcinogenic substances may remain to be identified, and the data of 
our investigation may give us the necessary tools with which to approach this 
problem. 

Chief Factor in Lung-Cancer Increase —We know that several factors may be 
responsible for the induction of primary carcinoma of the lungs. Undoubtedly, one 
of these factors is intrinsic, since not every person exposed to carcinogenic sub- 
stances contracts cancer of the lungs. The nature of this intrinsic factor remains 
unknown for the present. Factors of exogenous nature, however, seem to be of 
similar importance in the development of lung cancer. While a few occupations 
seem to play a role in this regard, we believe that the most important factor, which 
can explain the universal and predominantly male increase in lung-cancer incidence, 
is tobacco smoking. The data presented in this, as well as in other recent investiga- 
tions, should lead research to concentrate its efforts in an attempt to identify and 
possibly isolate carcinogenic agents in tobacco smoke and in certain industrial sub- 
stances with the hope that by their possible removal, or at least reduction, the 
incidence of primary cancer of the lungs may be decreased. 


CONCLUSIONS AND SUMMARY 


Additional data on tobacco smoking continue to indicate that tobacco plays a 
major role in the induction of primary carcinoma of the lungs. Very similar data 
and conclusions have been presented from a recent large-scale British study by Doll 
and Bradford Hill. 

City dusts and fumes cannot account for the increased incidence of lung cancer. 

A few occupations appear with greater-than-expected frequency among the lung- 


cancer group even though decisive statistical evidence is lacking. Among those of 
the most general importance are the occupations of metal workers, painters, and 
workers exposed to excessive fumes of oils, gasoline, varnish, and wood dust. 

The greater the amount of tobacco smoked, the greater seems the risk that 
primary carcinoma of the lungs may develop. 
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EVALUATION AND SIGNIFICANCE OF PHYSICAL FITNESS 
FOR MODERATE WORK 


A Study of Patients with Cardiovascular or Pulmonary Diseases 


ROBERT A. BRUCE, M.D. 
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AND 
MARION McDOWELL, M.D. 
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SG JLERANCE for work or exercise usually varies directly with an individual's 
total functional capacity and his willingness to exert himself and inversely 
with the severity of his disease. The symptoms most commonly noted by patients 
with either cardiovascular or pulmonary diseases are fatigue and dyspnea. If the 
motivation of exertion is appropriate, fatigue may occur whenever the circulatory 
supplies of oxygen and nutrients are inadequate for the metabolic needs of the 
tissues. Dyspnea represents conscious awareness of excessive breathing effort, often 


in relation to diminished breathing capacity. Unless reserve for physical activity is 
virtually completely lacking, observations made under resting or basal conditions 
may not afford any insight into the working capacity. Investigations under dynamic 
conditions of stress are more informative. Since from the standpoint of physiology 
exercise in disease is only quantitatively different from that in health,’ there must 
be standardized measures of performance. Even then there are variations in indi- 
vidual motivation, emotional responses, and thresholds of conscious awareness 
of symptoms, as well as in types, degrees, and durations of disease processes. Hence 
there is a wide spectrum of physical fitness ranging from total inability to perform 
physical activity to the better-than-average normal performance of the well-trained 
athlete or the skilled worker. It is in the middle range, where performance in 
health and performance in disease overlap, that the physician often needs help 
from the laboratory in evaluating working capacity. 

Bertha Hochstetter Buswell Research Fellows in Medicine (Drs. Bruce, Lovejoy and Yu). 

Present address of Dr. Bruce is University of Washington School of Medicine, Seattle 5, 
Wash. 

These studies have been supported in. part by the Hochstetter Fund and the National Heart 
Institute of the National Institutes of Health, Public Health Service. 

From the Chest Laboratory of the Department of Medicine of the University of Rochester 
School of Medicine and Dentistry, and the Medical Clinic of Strong Memorial and Rochester 
Municipal hospitals, Rochester, N. Y. 

1. (a) Simonson, E., and Enser, N.: Physiology of Muscular Exercise and Fatigue in 
Disease, Medicine 21:345, 1942. (b) Wahlund, H.: Determination of the Physical Working 
Capacity: A Physiological and Clinical Study with Special Reference to Standardization of 
Cardio-Pulmonary Tests, Acta med. scandinav. 132(Supp. 215) :1, 1948. 
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There are two components to any form of work: intensity and duration. For 
the purpose of evaluating the capacity for work, either the maximal capacity or 
the response to some fixed moderate amount of work may be ascertained. Unfor- 
tunately, there is a maximal capacity for each type of work performed, and all 
individuals are not equally skilled at any one type of maximal work. Therefore a 
form of work must be chosen which will be most appropriate for the largest number 
of individuals to be tested. Grade-walking on a treadmill ergometer readily meets 
this requirement, for all ambulatory subjects are sufficiently skilled, and the work- 
load may be adjusted to some practical intensity. In order to simulate ordinary 
rates of working, a stress was chosen which would demand a three-to-fourfold 
increase of the rate of oxygen consumption as compared with the resting level. The 
stress was continued for sufficient time to achieve optimal physiological adaptations 
in the respiration and circulation, which normally require six to seven minutes.’ 
For diseased patients who are unable to exert themselves for the prescribed interval, 
this stress obviously represents one of several possible maximal stresses. Then 
their performances may be considered in relation to the maximal working capacity. 

Physical fitness for work or exercise represents the total integrated functional 
capacities of the individual to meet increased metabolic demands for some sus- 
tained period of time and to recover afterward to the resting state. It implies 
normalcy of organic structures and functions and a proper state of nutrition, as 
well as suitable motivation, skill, coordination, and strength to perform the task. 
Hence healthy individuals should be able to perform a specified task without dis- 
comfort or impairment. An index of physical fitness for walking has been con- 
structed around three fundamental characteristics: the ability to endure moderate 
work, the efficiency of oxygen uptake during exertion, and the promptness of 
circulatory recovery. Whenever an individual is unable to meet the requirements 
of increased metabolic demand because of failure of pulmonary or circulatory 
mechanisms, the oxygen consumption during the stress may be insufficient, and 
the oxygen debt to be repaid during recovery is increased. With definite failure 
of these mechanisms, the duration of time that exertion can be maintained is 
shortened, and the oxygen debt is increased further. 


It is the purpose of this paper to present the data obtained from exercise- 
tolerance tests of patients with cardiorespiratory diseases. Three levels of stress 
are compared in order to indicate the preferred procedure. Accessory observations 
on the oxygen gradient that obtains between functional alveolar air (end-tidal 
expired air) and functional arterial blood (pulmonary venous blood plus venous 
admixture) are included to demonstrate a physiological relationship with the 
measurement of working capacity at a standard stress. The normal pathways of 
respiratory and circulatory adaptations to exercise,* the range of variability of the 
several parameters,® and the relationships of the physical-fitness index to various 


2. Bruce, R. A.; Lovejoy, F. W., Jr.; Pearson, R.; Yu, P. N. G.; Brothers, G. B., and 
Velasquez, T.: Normal Respiratory and Circulatory Pathways of Adaptation in Exercise, J. 
Clin. Invest. 28:1423, 1949. 

3. Bruce, R. A.; Pearson, R.; Lovejoy, F. W., Jr.; Yu, P. N. G., and Brothers, G. B.: 
Variability of Respiratory and Circulatory Performance During Standardized Exercise, J. Clin. 
Invest. 28:1431, 1949. 
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physiological functions at rest* have been described elsewhere. Similarly, the 
electrocardiographic changes in the precordial leads have been reported in detail 
also.* Finally, the comparative effects of different types and levels of hypoxia on 


normal subjects * and variations in tensions of the respiratory gases in normal sub- 
jects have been described.’ 


METHODS 


Seventy-five normal controls, 20 to 70 yr. of age, and 184 ambulatory patients, 7 to 75 yr. of 
age, form the basis of this report. None of the controls was a hospitalized patient, and all were 
gainfully employed. All patients were referred to the laboratory with a definite diagnosis or a 
symptom complex of either pulmonary or cardiovascular disease. There were 99 patients with 
congenital or acquired cardiovascular diseases, 63 patients with chronic pulmonary diseases, and 
22 patients with miscellaneous diseases affecting the circulation or the respiration, such as hyper- 
thyroidism. Duplicate tests on successive days were done also on 15 patients with hypertensive 
cardiovascular disease to ascertain the reproducibility of results. Ten patients, with a variety of 
disorders, were retested after obvious and definite clinical improvements had followed successful 
treatment, in order to observe the change in exercise performance. Since the aim of this report 
is to ascertain the means of differentiating exercise performance of normal and pathological 
subjects, the data on patients were combined into two broad categories in relation to the severity 
of the disability. Hence the patients were classified according to their ability to endure walking 
for 10 min. None of the subjects was studied in the basal state; each was observed at ambient 
room temperatures and pressures. 

After a trial walk on the treadmill, each subject sat at rest while the chest-lead electrodes, 
the sphygmomanometer, and the face mask were attached as described previously,? and for at 
least four minutes after recording was started. Then the subject stood for one minute, walked 
for as long as possible up to the arbitrary limit of 10 min., and sat at rest again for 10 min. of 
recovery. All observations were made at one-minute intervals. One of the following three stresses 
was employed: (a) level walking at 2.60 mi. per hour (mph) (12 revolutions per minute 
[rpm] of treadmill belt), (b) level walking at 1.73 mph (8 rpm), or (c) 10%-grade walking at 
1.73 mph. The exercise caloric expenditures averaged 2, 1.5, and 3-4 times the resting require- 
ment, respectively. All gas volumes were calculated for square meters of body surface area at 
STPD (Standard Temperature, Pressure, Dry —O0 C., 760 mm. Hg). The primary observations 
included ventilation volume, expired-air partial oxygen pressure (pO:) and carbon dioxide 
volume per cent (CO:%), respiratory rate, blood pressure, and chest-lead electrocardiogram. 
The maximum mask-breathing capacity (MMBC) was obtained at the end of the test, using the 
same face mask rather than a mouthpiece and high-velocity valves. 


4. Bruce, R. A.; Lovejoy, F. W., Jr.; Yu, P. N. G., and McDowell, M.: Relationships of 
Availability of Oxygen to Physical Fitness in Patients with Cardio-Respiratory Diseases, Proc. 
Soc. Exper. Biol. & Med. 73:212, 1950. 


5. (a) Yu, P. N. G.; Bruce, R. A.; Lovejoy, F. W., Jr., and Pearson, R.: Observations 
on the Change of Ventricular Systole (QT Interval) During Exercise, J. Clin. Invest. 29:279, 
1949. (b) Yu, P. N. G.; Bruce, R. A.; Lovejoy, F. W., Jr., and McDowell, M. E.: Variations 
in Electrocardiographic Responses During Exercise: Studies of Normal Subjects Under 
Unusual Stresses and of Patients with Cardio-Pulmonary Diseases, Circulation 3:368, 1951. 

6. Bruce, R. A.; Lovejoy, F. W., Jr.; Yu, P. N. G., and McDowell, M. E.: Comparison of 
Cardio-Respiratory Performance in Normal Subjects Under Unusual Stresses During Exercise, 
to be published. 

7. Suskind, M.; Bruce, R. A.; McDowell, M. E.; Yu, P. N. G., and Lovejoy, F. W., Jr.: 
Normal Variations in End-Tidal Air and Arterial Blood Carbon Dioxide and Oxygen Tensions 
During Moderate Exercise, J. Appl. Physiol. 3:282, 1950. 
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The following data were obtained by calculation from the primary measurements : 
(a) Breathing reserve in per cent, which equals 


MMBC — average minute ventilation during exercise 


(b) Respiratory efficiency in volume per cent, equals difference in oxygen concentration 
between inspired and expired air. 


(c) Oxygen consumption, equals the product of minute ventilation and respiratory efficiency 
(uncorrected for R. Q.*). 


Oxygen transport, equals oxygen consumption divided by heart rate for the correspond- 
ing minute. 
Oxygen debt in per cent, equals 


Total excess oxygen consumed during 10 min. of recovery x 100 


Total excess oxygen consumed during exercise and 10 min. of recovery 
Physical-fitness index for walking (at 1.7 or 2.6 mph), equals 


Duration of exercise in minutes (up to the arbitrary maximum of 10 min.) 
average exercise respiratory efficiency X 100 


Total heart beats for first three minutes of recovery 
[Statistical analyses of the consecutive heart rates of normal subjects showed no sig- 
nificant change after the third minute of recovery; hence only the rates for the first 
three minutes are totaled.] 


QT. of the chest-lead electrocardiogram, equals 


QT interval 


Vey cle length 

(h) QT/TQ ratio (self-explanatory ). 

In addition to the above, supplementary observations were made on 17 selected patients, 
including continuous sampling of end-tidal expired air and peripheral arterial blood in order to 
estimate the tensions of carbon dioxide and oxygen by the same techniques employed for normal 
subjects.*? Blood samples obtained at one-minute intervals during exercise (and occasionally 
during early recovery, too) were compared with the corresponding air analyses to estimate 
the oxygen gradient between functional alveolar air (end-tidal expired air) and functional 
arterial blood (pulmonary venous blood plus venous admixture). For purposes of comparison 
the oxygen gradients previously obtained on normal subjects are included.? All these studies 
were done at the same stress of 10%-grade walking at 1.73 mph. 

From these determinations other values were calculated as follows: 

(i) Tidal volume, which equals 

Minute ventilation at BTPS (Body Temperature, Pressure, Saturated with Water) 
Respiratory rate 

(j) Respiratory efficiency (R. E.) of end-tidal expired air, equals difference in oxygen 

concentration between inspired and end-tidal expired air. 

(k) Physiological dead space, equals 


Tidal volume — E- mixed ex (tidal volume). 

(1) Oxygen gradient, equals end-tidal expired-air pO2 — mixed-arterial-blood pOs. (All 
values obtained during exercise have been averaged except where plotted graphically 
against time.) 

Correlations have been done by the product-moment method. The probabilities of observed 

mean differences between data being due to chance have been estimated from the ratio of the 
mean difference to its standard deviation, expressed in per cent. 


RESULTS 


1. Responses of Normal Subjects to Three Levels of Exercise -—The mean 
values representing the effects of exercise on ventilation, respiration, and circulation 
are presented in Table 1. There was relatively little difference in the oxygen con- 
sumption, or the other factors, between the two rates of level walking. Increasing 
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the work-load by means of 10%-grade walking raised the average oxygen consump- 
tion considerably. The other variables showed similar changes. None of these 
stresses caused either symptoms or physiological disturbances, such as changes in 
electrocardiographic patterns.°” Inasmuch as excessive work caused hyperventila- 
tion, with a lowering of the respiratory efficiency, the optimal stress for the maximal 
respiratory efficiency has been 10%-grade walking at 1.73 mph.° 

Despite these variations, the physical-fitness index exhibited similar minimum, 
mean, and maximum values for the three stresses studied (Table 1). 

2. Responses in Patients with Cardiorespiratory Diseases—(a) Symptoms: 
Whereas all the patients who were unable to walk for 10 min. experienced symp- 
toms, only 40 to 56% of the less disabled patients who walked for 10 min. felt any 
distress (Table 2, A). The symptoms usually noted were dyspnea, fatigue, and 


TaBLe 2.—Response of Patients with Cardirespiratory Diseases to Stress 


A. Incidence of Symptoms in Relation to Stress in Patients with Cardiorespiratory Diseases 

Rate, mph . 1.7 

Grade of walking 

Subjects 

Duration, min. 

No symptoms, 

Dyspnea, % 23 

Fatigue, % > % 32 13 

Chest pain, % 3 4 y 

B. Probabilities of Differences Observed Being Due to Chance (Expressed in per Cent) 

Ventilation <0.067 <0.0001 <0.0001 4.5 0.067 

Respiratory efficiency 0.014 <0.0001 <0.0001 0.045 <0.0001 

Oxygen consumption . >50.0 f 23.0 <0.0001 >3.5 

Heart rate 37 0.022 2 0.097 89 <0,0001 

Oxygen transport 31. 2. <0.0001 >16.0 

Recovery pulse (8 min.)........... 0.0006 <0.006 0.0382 <0.006 0.045 <0.0001 
0,097 >50.0 0.69 <0.0001 <0,0001 <0.0001 
12 0.69 12 0.009 0.009 

Breathing reserve 0.006 <0.006 <0.0001 16 <0.006 


Physical-fitness index ............. <0.0001 <0.0006 <0.0001 <0.0001 <0.0001 <0.0001 


* MMBC = Maximum mask-breathing capacity. 


chest pain. Occasional patients mentioned dizziness or aching of the legs. The 
intensity of subjective discomfort varied widely. In some instances the test was 
stopped not because of symptoms but because of alarming signs of circulatory dis- 
turbances. These included marked cyanosis, confusion, staggering, or extreme ST 
depression in the electrocardiogram. It was necessary to consider symptoms of dis- 
tress as valid, as illustrated by the only fatality that could be attributed to the 
exercise procedure. 


A 26-year-old man with rheumatic heart disease and advanced mitral stenosis was studied 
for the fifth time prior to elective cardiac-surgical intervention. Whereas formerly he could walk 
for several minutes, on this occasion he became tired and dyspneic at 144, min. Just as the 
treadmill was stopped he collapsed and had a convulsion, and on his recovery pulmonary edema 
developed. Despite all measures, he was unable to cope with the condition and died two days 
later. Autopsy revealed gross enlargement of the left auricle, due to calcific changes in the 
scarred mitral valve, and congestion of the lungs and abdominal viscera. 


(b) Differentiation of Abnormal from Normal Performance: Because of the 
wide range of variation in many of the parameters normally, it is essential to know 
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which, if any, can be depended on to differentiate the performance of a disabled 
patient from that of a normal subject. Symptoms are the simplest differentiation, 
especially when they are of sufficient intensity to prevent the patient from enduring 
the stress for 10 min. In order to rate objectively the several physiological factors 
measured, all the data have been treated statistically to ascertain the relative proba- 
bilities of the observed mean differences in these etiologically heterogeneous groups 
of patients being due to chance (Table 2, B). It it apparent that ventilation, 
oxygen consumption, heart rate during exercise, oxygen transport, and oxygen debt 
may be satisfactory in certain patients at some stresses, but none of these was 
reliable at all of the three stresses tested. The mean respiratory efficiency during 
exercise, the recovery pulse for three minutes, and the physical-fitness index were 
uniformly satisfactory in differentiating the exercise performance of cardiorespira- 
tory patients from that of normal subjects (p <0.014% ). The breathing reserve was 
almost as satisfactory, too. In these cases of cardiorespiratory abnormality the 
physical-fitness index ranged from 0.3 to 23.0. 


The preferred stress for the differentiation of exercise tolerance was 10%-grade 
walking at 1.73 mph, for the following two reasons: (1) Elderly and severely 
disabled patients were often unable to walk at 2.6 mph, but could do so at 1.73 mph 
for at least a short interval. (2) Level walking at 1.73 mph was an insufficient 
stress, inasmuch as some individuals could do this for 10 min. but could not do so 
at 2.6 mph or 10%-grade walking at 1.73 mph for as long. 

Percentage variations in duplicate tests on successive days in 15 patients with 
hypertensive cardiovascular disease averaged 9 to 20% for the duration of exercise, 
respiratory efficiency, recovery pulse, and physical-fitness index for walking at 1.73 
mph and 10% grade. 

(c) Differentiation of Pulmonary from Circulatory Insufficiency: Occasional 
patients with pathologic conditions limited to either the heart or the lungs may show 
characteristic changes which distinguish circulatory from pulmonary insufficiency.® 
Most patients studied, however, had some clinically recognizable lesions in both 
organ systems, although either pulmonary or cardiovascular disease predominated. 
Even though their objective exercise performance could be differentiated from 
normal as described above, it was usually impossible to discriminate between the 
effects of pulmonary insufficiency and those of circulatory insufficiency in these 
instances. 

(d) Correlation of Exercise Tolerance and Clinical Improvement: Ten patients 
who had diverse clinical diseases affecting cardiorespiratory physiology and who 
exhibited striking clinical improvement as a result of treatment were reevaluated. 
The incidence of changes for the several parameters considered is shown in Table 3. 


Whereas duration of exertion, respiratory efficiency, oxygen consumption, and 
oxygen transport increased in many, minute ventilation, pulse recovery and oxygen 
debt decreased in others. Only the physical-fitness index increased in all instances. 

3. Relationship of the Oxygen Gradient Between Functional Alveolar Air and 
Arterial Blood to the Physical-Fitness Index.—Simultaneous samples of end-tidal 


expired air and arterial blood were collected from 17 patients with various clinical 
lesions. The mean pCO, and pO,, as well as the hemoglobin, CO,-content and 
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O,-saturation values are presented in Table 4. Representative patterns of gas ten- 
sions are shown in Figure 1. A significant oxygen gradient between functional 
alveolar air and functional arterial blood was observed in all cases except one. That 
was the case of a patient with rheumatic aortic insufficiency and gross cardiac 
enlargement. In addition an appreciable carbon dioxide gradient was observed in 
some patients with chronic pulmonary disease. It was of considerable interest to 


TABLE 3.—Incidence of Physiological Changes Associated with Obvious Clinical 
Improvement in Ten Patients * 


Increased Decreased No Change 
Duration of exercise 
Minute ventilation 
Respiratory efficiency 
Oxygen consumption 
Heart rate 
Oxygen transport 
Recovery pulse 
Oxygen debt 
Physical-fitness 


* The patients presented thyrotoxicosis, cor pulmonale, mitral stenosis (3 patients), hypertension, neu- 
rilemmoma, tetralogy of Fallot, constrictive pericarditis, and post-aleoholic intoxication. 


Taste 4—Mean End-Tidal Air and Arterial-Blood Gas Composition in Relation to Exercise 


Mean End-Tidal Mean End-Tidal Mean Arterial Mean Arterial Mean Exereise 
pCO2, mm. Hg pOe, mm. He pCO, mm. Hg pOe, mm. Hg 
Patient Rest Exer. Ree.* Rest Exer. Ree.* Rest FExer. Ree.“ Rest Exer. Ree.* . Vol.% % Sat. 
ose 49 42 ee 108 

110 i 32 39 5 65 64 48.0 

106 49 44 60 56 68 52.6 

125 32 45 : 70 3 55 

106 37 83 

110 38 5 § 47 

117 43 

86 38 

88 g 

102 see 35 

108 

114 

113 

109 

lll 

107 

120 


E. 
H. 
R. 
R. 
M. 
J. 
V. 
B. 
J. 
P. 
M. 
J. 
J. 
F. 


> 


* Average for first one to three minutes of early recovery 


note that a 12-year-old girl with the tetralogy of Fallot who had been operated on 
by the Blalock technique 2% yr. earlier showed a conspicuous reduction in both the 
oxygen and the carbon dioxide gradients during exercise. Both gradients widened 
again with recovery. 


For 10 normal persons * and 17 patients the mean oxygen gradient was compared 
with the observed physical-fitness index for 10%-grade walking at 1.73 mph. (Fig. 
2). These values were inversely related to each other (r = —0.805 + .067, 
p .001% ). A similar inverse relationship was found between the oxygen gradient and 
the arterial-blood oxygen saturation. Hence, the more marked the anoxemia, the 
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poorer the working capacity. As the physical-fitness index fell to subnormal values in 
these patients, there were greater variations in the oxygen gradient. In other 
words, some scores were impaired because of marked hypoxemia (excessive venous 
admixture from congenital septal defects), whereas others were impaired because 


RHEUMATIC HEART 
AORTIC INSUFFICIENCY OSEASE WITH 
MITRAL STENOSIS 


€ XERCISE RCISE COVE! 
REST EXE RE RY 


TETRALOGY OF 
FALLOT AFTER EISENME NGER'S 
BLALOCK’S ANASTOMOSIS COMPLEX 


23 4 
REST EXEROSE RECOVERY 


EMPHYSEMA 
PULMONARY 
FIBROSIS 


REST EXERCISE RECOVERY EXERCISE 
REST RECOVERY 


Fig. 1—Simultaneous end-tidal expired-air and arterial-blood pCOz and pOs values during 
rest and exercise for six representative patients. The air tensions are indicated by a broken line 
and the blood tensions by a solid line. P. ’. ]. represents the score of the physical-fitness index. 
The clinical diagnoses are as indicated. 


of stagnant anoxia (mitral stenosis). Others exhibited intermediate gradient 
values, presumably because of various combinations of venous admixture and stag- 
nant anoxia. 
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In contrast to normal subjects,’ there was no apparent relationship between the 
oxygen gradient and the tidal volume. Whereas the physiological dead space 
averaged 26% of the tidal volume in normal subjects, it was increased to an average 
of 35% in patients with cardiorespiratory diseases. Finally, the carbon dioxide 
gradient tended to be roughly proportional to the oxygen gradient (Table 4) ; it 
was lowered by hyperventilation and raised by venous admixture. 


COMMENT 


Inasmuch as there are many maximums of working capacity, depending on the 
particular form of stress employed and the individual's ability to perform, it is 
considered more realistic to evaluate performance by some fairly universal type of 
exertion which virtually any ambulatory subject can perform. Furthermore, the 
intensity of the stress should be roughly comparable with ordinary daily levels of 
physical activity, and the duration should be long enough to ensure the optimal 
adaptations of respiration and circulation. By trial-and-error experience, 10%- 
grade walking at 1.73 mph, has been found to approach these goals. 


Potentially ther: are always some limitations to any type of performance test. 
With respect to this testing procedure, these limitations may be grouped together 
under the heading of general psychosomatic insufficiency. From the psychological 
aspect they include the problems of motivation, anxiety, and malingering. 
Obviously, a subject has to be willing to perform the test in order to obtain any 
rating. If he is overanxious, his score may be impaired by hyperventilation (lower- 
ing respiratory efficiency) or tachycardia.* If the anxiety is extreme, it may unduly 
shorten the endurance below the prescribed 10 min. And the same can occur with 
malingering. Usually these problems are not difficult to recognize and interpret ; 
in our experience they have been encountered infrequently. When they occur, the 
physical-fitness estimate of working capacity may still be realistic, for often the 
individual performs in the same manner for any required procedure, even that of 
gainful employment. Additional experience will be necessary to define further 
the usefulness of this procedure in the rating of physical fitness of military personnel, 
neuropsychiatric patients, and such subjects as those seeking compensation for some 
alleged illness. The somatic aspects include the structural and functional integrity 
of neuromuscular, skeletal, metabolic, and hematological systems. Patients with 
parkinsonism, hemiplegia, arthritis, muscular dystrophy, diabetic acidosis, or 
severe anemia, for example, may perform poorly because of impairment of these 
systems rather than of the cardiorespiratory organs. Nevertheless, the fitness score 
may provide a suitable measure of their capacity for work. In all these instances 
the time during which a fixed stress can be endured is of critical importance. The 
clinical interpretation of the significance of a subnormal score required, therefore, 
careful judgment based on the history, the physical findings, and the related labora- 
tory data. Inasmuch as the aims of this report are to indicate that the exercise 
performance of patients with cardiorespiratory diseases can be differentiated fairly 


8. In accord with R. C. Cogswell, C. R. Henderson, and G. H. Bergman (Some Observa- 
tions of the Effects of Training of Pulse Rate, Blood Pressure and Endurance in Humans, 
Using the Step Test (Harvard), Treadmill, and Electrodynamic Brake Bicycle Ergometer, 
Am. J. Physiol. 146:422, 1946), the fitness score bears a slight relationship to the resting heart 


rate (r= —0.549+0.106, p<0.0005%), but this was not apparent in the patients who walked 
less than 10 min. 
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quantitatively from that of normal subjects and that the measure of performance 
employed correlated with physiological data, no attempt is made to present the 
symptoms, the signs, and the laboratory data necessary to indicate that this test 
correlates with the clinical appraisal of functional capacity. 

The formula for the physical-fitness index represents an integration of three 
important aspects of exercise physiology: endurance, efficiency, and recovery in a 
manner that permits comparison of diverse working capacities on a single scale of 


INDEX 


NORMALS * 
PATIENTS « 


PHYSICAL FITNESS 


10 70 90 MM.HG. 


AVERAGE 10, GRADIENT OBSERVED 
DURING EXERCISE A 


RESPIRATORY EFFICIENCY 


END-TIDAL AIR 


PULMONARY 
VENOUS BLOOD 


VENOUS ADMIXTURE (SHUNTS) 


MIXED ARTERIAL 
A-V Op DIFFERENCE 


Fig. 2.—A, the relationship of the mean oxygen gradient between functional alveolar air and 
arterial blood during exercise to the physical-fitness index in 10 normal and 17 pathological 
subjects. Patients with marked venous admixture had wide gradients, whereas those with stag- 
nant anoxia had small gradients; the others represented various combinations of both types 
of anoxia. 

B, the relationships of the oxygen gradient between functional alveolar air and arterial blood 
to the respiratory efficiency. Physiological dead space, alveolar interface for gas exchange, 
venous admixture, and the arteriovenous oxygen difference are shown schematically. 


values. Endurance is the best single measure of maximal working capacity.° 
Respiratory efficiency is the ratio of oxygen uptake to ventilatory effort. Initial 


9. Johnson, R. E.; Brouha, L., and Darling, R. C.: A Test of Physical Fitness for 
Strenuous Exertion, Rev. canad. biol. 1:491, 1942. 
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recovery is the most critical aspect of circulatory performance ™; the total number 
of heart beats for the first three minutes of recovery is the simplest measure of the 
oxidative recovery processes. The index represents an improvement of the formula 
employed by the Harvard Fatigue Laboratory for evaluating performance in athletes 
at exhausting work-loads."' Since the subjects were normal, the limiting factor was 
not the lungs but the heart, and hence the efficiency of oxygen uptake was neglected. 
In confirmation of Pelnar, the respiratory efficiency offers as good a correlation with 
dyspnea due to pulmonary disease as can be readily obtained." Although the fitness 
index does not give a measure of performance in any units, yet it is an integrated 
ratio of the least variable, and more reproducible, factors that can be measured. 
Like body weight, it fluctuates in the same individual from day to day, and gives 
no prognosis as to what the working capacity will be in the future. 

The particular stress employed for testing physical fitness is not critical provided 
it is sufficient to increase the oxygen demand by at least twofold. In fact, a simpli- 
fied method involving a step test has been employed for some time. It is apparent, 
however, that the particular stress utilized should be fixed, for the chief limitation 
of the step test is the greater variability of response due to the inability to make the 
patients perform at exactly the prescribed rate. When the stress is fixed, the work- 
load is proportional to the body weight, and direct comparisons of individuals, or of 
the same individual at different times, may be made. 

The physiological significance of the physical-fitness index is that it is telated 
to the severity of anoxia at the tissue level. Whenever performance is impaired in 
normal subjects by lowering the inspired-oxygen tension or raising the work-load, 
or both, the physical-fitness index is diminished." Similarly, in patients with cardio- 
respiratory diseases, whenever the oxygen gradient between functional alveolar air 
and arterial blood is increased, the arterial oxygen saturation is lowered, and the 
fitness index is diminished. In confirmation of previous studies,‘ the ability to work 
is related to the amount of oxygen which is available to the tissues (Fig. 24). The 
relationships of the oxygen gradient to the respiratory efficiency, the physiological 
dead space, the alveolar gas exchange, the venous admixture, and the arteriovenous 
oxygen difference are shown schematically in Figure 2B. From these considera- 
tions, the spectrum of working capacity as measured by the physical-fitness index 
may be indicated as follows: 


Physical-fitness index | | 
13 19 
ABNORMAL 


Type of subject Sedentary-Average-Athlete 
Extent of disability ‘Total— Marked— Moderate— Minimal——None 


Thus the physical-fitness index provides a quantitative measure of integrated 
psychosomatic, respiratory, and circulatory performance in relation to the stress of 
exercise which makes it possible to evaluate and compare working capacity. 
Hypoxia, from any cause, lowers the index as well as impairs the working capacity. 
Similarly, emotional disturbances may constitute a stress on the cardiorespiratory 
mechanisms and diminish the reserve capacity; in such instances the fitness score 
will be lowered. Depending on the initial capacity and the severity of the disease, 
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the fitness index of patients with disorders of the heart or the lungs may be either 
within or below the normal range—in accord with clinical experience. 

Finally, the combined technique of physical-fitness testing and recording of chest- 
lead electrocardiograms during exertion offers a unique opportunity to estimate 
working capacity and classify functional impairment simultaneously. Figures 3 
and 4 indicate the normal minimal and maximal values for ventilation, respiratory 


VENTILATION 
L/SQ. M/MIN. NORMAL 
STPO RANGE OF 
MAX. MASK | 


COMPENSATORY 
MECHANISMS, 


BREATHING 


BREATHING 
CAPACITY 


RESERVE 


HEART RATE 


RESPIRATORY 
EFFICIENCY 5.5 
(vor.%) 45 
3.5 


25 


5 
IN MINUTES 


| PHYSICAL STATE 

| 

| 

| syMPTOM-INTENSITY 6 
RELATIVE DISABILITY MODERATE TO NONE 


® 


Fig. 3.—Normal zones of ventilation, heart rate, and respiratory efficiency, based on minimal 
and maximal values for each minute of observation during rest, exercise, and recovery. The 
apparent magnitudes of compensatory mechanisms are indicated by the breathing reserve and 
the circulatory reserve; these are based on the differences between observed rates and maximal 
rates. Various types of insufficiency are labeled (see text for explanation). 


efficiency, heart rate, oxygen transport, pulse pressure, QTc, QT/TQ ratio, etc., 
at the preferred stress of 10%-grade walking at 1.73 mph. On referring to Figure 3, 
functional impairment may be considered: (4) general psychosomatic insufficiency 
when the duration of exertion is shortened; (B) circulatory insufficiency when 
recovery of the pulse to the resting level is delayed; (C) pulmonary insufficiency 
when the respiratory efficiency is diminished, and (D) pulmonary perfusion insuf- 
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ficiency when there is a paradoxical decrease, rather than the normal increase, in 
respiratory efficiency with exertion. The latter has been observed in patients with 
the tetralogy of Fallot, advanced pulmonary fibrosis or emphysema, and marked 
mitral stenosis. Both breathing reserve and circulatory reserve are indicated 
schematically in relation to maximal capacities. On referring to Figure 4, various 
types of circulatory insufficiency may be depicted: (4) widened pulse pressure 


6.0 


OXYGEN 5.0 

TRANSPORT 

ML./SO.M 40 
(STPD) 

PER HEART 3.0 
BEAT 


2.0 


| PHYSICAL STATE EXERCISE | EARLY 
| RECOVERY 


Fig. 4.—Normal zones of pulse pressure, electrocardiographic QT/TQ ratio and QTc, and 
oxygen transport based on minimal and maximal values observed during rest, exercise, and 
recovery. Different types of circulatory insufficiency are labeled (see text for explanation). 


(aortic insufficiency, patent ductus arteriosus) ; (8) narrowed pulse pressure (aortic 
stenosis, marked mitral stenosis) ; (C) increased QT/TQ ratio indicative of pro- 
longed systolic time and shortened time for diastolic filling of the ventricles: (D and 
E) abnormal QTc patterns, empirically associated with acquired and congenital 
types of heart disease, and (F) diminished amount of oxygen transported per heart 
beat not only to the myocardium but to all the tissues. 
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SUMMARY 


Exercise-tolerance tests which utilize a treadmill ergometer and multiple con- 
tinuous observations have been made at three different stresses on 75 normal con- 
trols and 184 patients with symptoms or diseases involving the heart or the lungs. 


The capacity for moderate work (oxygen consumption increased 1.5 to 4 times) 
has been evaluated in terms of three fundamental aspects of performance: endur- 
ance, efficiency of oxygen uptake, and circulatory recovery. These have been 
integrated into an index of physical fitness for walking. 

Normal control values for several physiological variables, as well as the prob- 
abilities of each of these in differentiating exercise performance in known abnormals, 
have been assembled. The preferred stress for this test was 10%-grade walking at 
1.73 mi. per hour (mph) for 10 min. 

The oxygen gradient between functional alveolar air and arterial blood has been 
measured during grade walking in 17 patients with a variety of cardiorespiratory 
diseases. 

The significance of the physical-fitness index is that it varies inversely with this 
oxygen gradient. 

The limitations and the applications of the procedure of evaluating physical 
fitness in patients with clinical disease have been discussed. 
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BERYLLIUM EXCRETION IN HUMANS 


F. W. KLEMPERER, M.D. 
A. P. MARTIN 
AND 


J. VAN RIPER 
SARANAC LAKE, N. Y. 


KNOWLEDGE of the excretion of inhaled beryllium is of fundamental 

importance for the understanding of the diseases observed in beryllium 
workers. Progress in this field has long been delayed by the lack of methods 
suitable for the determination of the minute concentration of beryllium encountered 
in human urine. The only systematic study of beryllium excretion in humans is 
the one published recently by Dutra, Cholak, and Hubbard,' who used a spectro- 
graphic method? for the determination of beryllium. Their data indicate that 
beryllium was present in the urine of most patients with acute pneumonitis, while 
only 5 of 14 patients with chronic pulmonary disease excreted beryllium in sufficient 
amounts to be detected. Beryllium was also found in the urines of some healthy 
beryllium workers. The following report deals with the beryllium excretion of 


patients with chronic pulmonary granulomatosis and that of healthy individuals ; no 
data on patients with acute pneumonitis are included. The study was undertaken 
in order to determine whether a relation exists between the quantity of beryllium 
excreted and the incidence or the severity of the illness or the nature and the dura- 


tion of the industrial exposure. 
METHODS 


The value of a report concerning the amounts of beryllium excreted by humans depends 
largely on the reliability and sensitivity of the analytical technique employed. The available 
spectrographic * and chemical * methods for determining beryllium in urine are among the most 
sensitive biochemical procedures and, as such, subject to numerous possible sources of error. In 
this investigation the chemical method of Klemperer and Martin* was used because of its 
greater accuracy. The sensitivity of this chemical procedure is similar to that of the spectro- 

From the Department of Biochemistry of the Trudeau Foundation for the Clinical and 
Experimental Study of Pulmonary Disease. 

This investigation was supported by contracts with the Office of Nava! Research, Depart- 
ment of the Navy, and the United States Atomic Energy Commission. 

1. Dutra, F. R.; Cholak, J., and Hubbard, D. M.: The Value of Beryllium Determinations 
in the Diagnosis of Berylliosis, Am. J. Clin. Path. 19:229, 1949. 

2. Cholak, J., and Hubbard, D. M.: Spectrochemical Determination of Beryllium, Analyt. 
Chem. 20:970, 1948. 

3. Barnes, E. C.; Piros, W. E.; Bryson, T. C., and Wiener, G. W.: Spectrochemical 
Determination of Beryllium in Microquantities, Analyt. Chem. 22:1281, 1949. Cholak and 
Hubbard.” 

4. Klemperer, F. W., and Martin, A. P.: Determination of Traces of Beryllium in Biological 
Material, Analyt. Chem. 22:828, 1950. 
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graphic ones, the lower limit of detection being 0.05 y of beryllium in a 24-hr. collection. The 
accuracy of the method has been checked throughout this investigation by frequent determination 
of known amounts of beryllium added to urines. The possibility of laboratory contamination 
was ruled out by frequent blank determinations. Beryllium contamination of specimens during 
collection, a possibility in the cases of healthy workers in the beryllium industry, was avoided 
by having specimens collected during week-end periods. In this way it was ascertained that na 
sample was ever carried near the area where beryllium was used. 


RESULTS 
The data on the beryllium excretion of 20 patients with chronic pulmonary 


granulomatosis are given in Table 1. In all cases the diagnosis was established by 
the usual clinical and radiological criteria, and in 9 cases it was proved by histologi- 


Tasie 1.—Beryllium Excretion in Chronic Pulmonary Granulomatosis 


Daily Be Excretion 
Be Compound to Dura- Time Deter- 
Type of Which Patient tionof Since Last Severity of mina- Highest Lowest Average 
Patient Exposure Was Exposed Exposure Exposure Symptoms tions y/Day y/Day y/Day 
1 Unknown Various 2 yr. 8 yr. Severe 
: Laboratory Various 4 yr. 0 Mild 
Machining Metal 3 yr. lyr. Moderate 
Laboratory Various 4 yr. 3 mo. Severe 
Laboratory Various lyr. 3 yr. Moderate 


Laboratory Refractory 3 yr. lyr. Severe t 
oxide 


Maintenance Phosphor 8 yr.” 0 Mild 


Labor Refractory 1 day 15 mo. Severe 
oxide 


Casting Copper alloy 8 yr. 4 yr. Severe t¢ 
Manufacture Phosphor 2 yr. 10 yr. Moderate 
Manufacture Phosphor 2 yr. 4 yr. Severe 
Secretarial Oxide 2 yr.* 5 yr. Moderate 
Maintenance Copper alloy F 5 mo. Severe + 
Manufacture Phosphor 2 yr. Severe t 
Manufacture Phosphor 7 8 yr. Severe t¢ 
Nonoccupational Phosphor ? 18 mo. Moderate 
Machining Metal 5 3 yr. Severe 
Machining Metal 5 . 2 yr. Severe 
Nonoccupational ~’ Oxide 2 yr. l yr. Moderate 
Manufacture Phosphor 2 wk. 8 yr. Severe 


~ 


oie 2.65 
0.61 0.72 0.66 

0.43 
0.40 
0.39 0.31 
0.21 0.20 


wee 


0.16 
011 


- 


0.10 
0.06 
0.04 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


* The exposure was intermittent, only occasional visits being made to the place where the beryllium 
compound was used. 


+ The patient subsequently died. 


cal examination. Certain data of Table 1 indicate that in a given patient the 


variations in the amount of beryllium excreted daily are insignificant. For instance, 
22 collections were analyzed during a period of seven weeks in the case of Patient 
5. As seen in the table, the largest deviation from the average daily excretion 
amounted to only +0.07y. Even closer agreement was found between the four 
determinations on Patient 9 (=0.0ly). Of the 12 specimens analyzed for Patient 
12, a few showed barely detectable traces, while in the majority no beryllium was 
discovered. These findings indicate that our data, some of which are based on 
analysis of single specimens, are representative of the average daily excretions 
of beryllium. 

The sixth column of Table 1 gives a rough estimate of the physical disability 
of each patient. It appears there is no relation between the severity of the illness 
and the quantity of beryllium excreted. Of the six patients whose disease was 


9 0.11 0.09 
10 1 
11 0.08 0.00 
12 1 0.08 0.00 
13 
14 0.00 0.00 
15 0.00 0.00 
a 16 0.00 0.00 
17 1 
18 wane 
sae 
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fatal, half showed no excretion of beryllium, while the other half excreted from 
0.1 to 0.4y daily. 

Unfortunately, no reliable data are at hand which would permit a correlation of 
the beryllium concentration to which the patient had been exposed and the beryllium 
excretion. This is due to the fact that in these cases the history of industrial exposure 
had to be reconstructed at a time when accurate quantitative information about the 
exposure was no longer available. Possibly, because of differences in degree of 
exposure, there is no correlation between the duration of the exposure, given in 
the fourth column of Table 1, and the excretion of beryllium. Of particular interest 
is the finding of beryllium in the urine of Patient 8 who, the records showed, was 
exposed to beryllium oxide only during a single day’s operation. 

The data of the fifth column indicate the time elapsed since the last known 
exposure. These data also show no correlation with the amount of beryllium 
excreted. They are of interest, however, because they prove that excretion may 
persist for years after the cessation of exposure. In Patients 1, 9, and 10 beryllium 
excretion was detected four to 10 yr. after the last occupational exposure had 
occurred. 


TasLe 2.—Beryllium Excretion Following Exposure to Metallic Beryilinm 


Duration of Be Excretion, 
Exposure, Mo Occupation 7/Day 


Machinist 0.32 
Machinist 0.18 
Machinist 0.08 
Foreman 0.00 
Supervisor 0.00 
Supervisor 0.00 


Although the inadequacy of the information about the concentrations of 
beryllium to which these patients had been exposed precludes a quantitative corre- 
lation between exposure and excretion, there appears to be, nevertheless, a rough 
dependence of the excretion on the particular compound to which the individual 
was exposed. Beryllium-zinc-silicate (phosphor) to which seven patients had been 
exposed caused no, or only very minimal, excretion in six. The higher levels of 
excretion were found in patients who had been exposed to beryllium oxide or finely 
divided metallic beryllium, and particularly in laboratory workers who had been 
exposed to a variety of beryllium compounds. 

Clinical and toxicological evaluation of the excretion of a given substance under 
pathological conditions is possible only by comparing the data with corresponding 
data on normal and healthy individuals. Therefore, we have analyzed over 80 urines 
from 35 individuals who had not so far as known been exposed to beryllium. In 
none of these did we detect the presence of beryllium. 

In Table 2 are given the analytical data on healthy individuals who were cur- 
rently employed in a shop where metallic beryllium was machined. In this workshop 
atmospheric contamination was of a low order. In the general shop air, it was 
reported, the concentrations were below 0.2 y/cu. m., exceeding this value only 
rarely. The table indicates that beryllium was found in the urine of three persons 
who were directly concerned with machining and grinding operations. No beryllium 
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was found in the urine of the other three persons, who spent only part of their time 
in the shop and were not directly concerned with the operations which caused the 
atmospheric dissemination of the metal. 

We have also had occasion to determine the beryllium excretion in a number 
of healthy workers who had been exposed to beryllium-zinc-silicate in the fluores- 
cent lamp industry. Quantitative data about atmospheric concentration of beryllium 
in this particular plant are not available, but the accompanying chart shows esti- 
mates of the relative amounts of dust to which the individuals had been exposed. 
In all cases beryllium exposure had ceased six months before the specimens were 
collected, for at that time the use of beryllium had been discontinued in the plant. 
Inspection of the chart again indicates fairly good correlation between the excretion 
of beryllium and the exposure. Three of the four workers who excreted detectable 
quantities of beryllium had had recent “heavy” exposure. Of the seven individuals 
in whose urine no beryllium was found, all except one had had only “light” 


exposure within six years of the analysis. 


Exposure, years 
7. § 4 


T 


Daily amounts of beryllium excreted in the urine of workers exposed to fluorescent powders 
(beryllium-zinc silicate). Black bars represent heavy exposures; open bars, light exposures. 
The duration of exposure in years is relative to the date of analysis. 


TasLe 3.—Beryllium Excretion of Healthy Workers in the Extraction Industry 


Be Exeretion, 
Time of Exposure 7/Day 

1940 to present 
1942 to present 
1950 to present 
1945 to present 
1948 to present 
143 to 1948 

1943 to 1948 

143 to present 
1948 to 1948 


* Specimens were collected in November 1950. 


The results of a study of the urinary beryllium excretion of nine workers in 
a beryllium-extraction plant is given in Table 3.° These individuals had been 
exposed to a variety of beryllium compounds which included the soluble fluorides 

5. Mr. Bengt Kjellgren and Dr. John Zielinski of the Brush Beryllium Company supplied 
the urine specimens and the occupational records of these workers. 
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and sulfates. Their daily beryllium excretions ranged between 8.3 and 1.2 y with 
an average of 4.0 y. In these cases no relation could be found between urinary 
beryllium and type or duration of employment. 


COM MENT 


The determinations of urinary concentrations of beryllium were carried out in 
order to establish their value in regard to the diagnosis of pulmonary granuloma- 
tosis, and their possible usefulness in evaluating industrial beryllium exposure. It 
was also hoped that, by correlating the excretion of beryllium with the type and 
the quantity of exposure, as well as with the incidence of disease, light might be 
shed on certain questions regarding the genesis of this disease. 

Dutra and associates ' have observed great fluctuations in the urinary concen- 
tration of beryllium and have concluded that the excretion of beryllium varies from 
day to day. If this should be true, a limited number of determinations would be of 
little value for the solution of any of these problems. Our data show, however, a 
remarkable constancy of the amount of beryllium excreted every day. This apparent 
discrepancy may be due to the fact that the above authors reported urinary concen- 
trations of beryllium which depend on diuresis instead of the total output during 
a 24-hr. period. Our data indicate that analysis of a single 24-hr. collection gives 
reliable evidence of the rate at which beryllium is mobilized from the tissues. 

The data on the excretion of beryllium in patients with pulmonary granuloma- 
tosis, in healthy workers in various beryilium industries, and in unexposed controls 
confirm and extend the results of the previous workers,’ showing that excretion 
of beryllium indicates only past exposure and is not necessarily associated with 
disease. The data also demonstrate that pulmonary granulomatosis may exist in 
the absence of detectable bervllium excretion. Therefore, the determination of 
beryllium in urine is of little value for the diagnosis of chronic pulmonary granu- 
lomatosis. 

The rate of excretion of beryllium in those healthy individuals for whom a 
satisfactory record of exposure was available appeared to have a quantitative 
relation to the degree of exposure. This suggests that quantitative urinary beryllium 
determinations are of value in estimating the magnitude of industrial exposure. 
Nevertheless, certain facts must be considered in the interpretation of the data: 
The rate of excretion of beryllium is a function not only of the quantity of beryllium 
harbored in the body but, to a large extent, of the solubility of the particular com- 
pound of beryllium which has been inhaled. This is apparent from the relatively 
high excretion in the case of workers exposed to soluble beryllium salts in the 
beryllium-extraction industry as compared with that of workers exposed to insoluble 
silicates. Furthermore, it must be realized that usually the amount of beryllium 
excreted is of such a small magnitude that prolonged excretion can result even from 
a single exposure. (See Case 8 in Table 1.) A simple calculation shows that 
0.1 mg., an amount easily inhaled in a single breath, would, at a rate of 0.1 y per 


day, require nearly three years for excretion. Therefore, the finding of beryllium 


in the urine merely indicates that at some time in the past beryllium has entered 
the body; it does not incriminate present working conditions. Finally, the failure 
to find beryllium in the urine of a number of patients with pulmonary granuloma- 
tosis suggests the possibility that in some individuals disease may result from the 
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inhalation of amounts of beryllium too small to cause detectable excretion. There- 
fore, it is doubtful whether the absence of urinary beryllium can be relied on as an 
indication of safe working conditions. 

Quantitative data concerning the excretion of beryllium appear to have some 
hearing on the pathogenesis of pulmonary granuloma in beryllium workers. The 
complete lack of correlation between the incidence of this disease and the degree 
of exposure has often been commented on and is reflected by the fact that in general 
the urinary level of beryllium excreted in this disease does not differ from that of 
healthy individuals who have been similarly exposed. Indeed, the highest excretion 
was found in workers who had been exposed to soluble beryllium salts in an 
industry in which the incidence of granulomatosis is relatively small, while the 
majority of cases of this disease have originated in the fluorescent lamp industry, 
where the low excretion or absence of excretion reflects the extremely low solubility 
of the inhaled material. This finding is not in accord with the theory that chronic 
granulomatosis is caused by soluble or ionized beryllium interfering with cellular 
activities. One may wonder whether a physicochemical interaction of the surface 
of a solid dust particle and dissolved tissue constituents may not be the ultimate 
cause of pathological responses. 


SUMMARY 


The urinary excretion of beryllium of patients with pulmonary granulomatosis, 
as well as of healthy workers in the beryllium industry, and of unexposed indi- 
viduals, was determined. 

Beryllium was not detected in the urine of 35 persons who had not had occupa- 
tional exposure to beryllium. 

Of 20 patients with chronic pulmonary granulomatosis, only 12 excreted detect- 
able amounts of beryllium. Their daily excretion was found to be nearly constant 
during the experimental period. Beryllium was detected in the urine up to 10 yr. 
after cessation of exposure. 

In the urine of healthy beryllium workers, the amount of beryllium was com- 


parable to that found in the urine of patients with pulmonary granulomatosis who 
had worked in similar industries. 


The excretion of beryllium appears to depend on the solubility of the inhaled 
material. The highest excretions were found in persons exposed to soluble beryllium. 


The diagnostic significance of urinary beryllium determinations and their value 
as a quantitative index of industrial exposure have been discussed. 
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CLINICAL OBSERVATIONS ON THE TOXICOLOGY 
OF BORON HYDRIDES 


H. M. ROZENDAAL, M.D. 
SCHENECTADY, N. Y. 


HE BORON hydrides, which were first described in 1879, have been studied 

extensively during the past 10 years, and simple methods for their preparation 
have been developed. There are seven boron hydrides, ranging from diborane, 
B.H,, which boils at —92.5 C., to decaborane, B,,H,,, which melts at 99.7 C. 
Diborane is the only hydride which can be made directly in any quantity. 


Until recently it was not known that these compounds were toxic. In 1946 
Stewart H. Webster,' in a review, listed the toxic properties of diborane as 
unknown. 


Because of the increased use of these compounds in laboratories and in industry 
| wish to report my clinical observations on persons exposed to varying amounts 
of boron hydrides, so that the research scientist and the chemical engineer may be 
informed of the nature of the hazard involved. 


REPORT OF CASES 

Case 1—C. W., a student engineer, aged 23, with a past medical history of no special 
significance, was exposed to boron hydride about two weeks prior to the present illness. 
About 12 hours after exposure he had generalized muscular cramps and was seen by a private 
physician, who made a diagnosis of hysteria and treated him with phenobarbital. Residual 
exhaustion was noted. 

The present illness followed an exposure to pentaborane on Jan. 15, 1951. He performed 
repair work on valves for four hours, and wore a gas mask, but at times was able to smell the 
chemical. 

Two hours after finishing this work he noticed a peculiar nervous tension associated with 
exhaustion. He rested fairly comfortably, but the next morning he noticed dizziness and 
drowsiness, which persisted during the day. 

The following morning, 40 hr. after exposure, the patient returned to work but soon began 
to have intermittent involuntary muscular contractions of the extremities, which progressed to 
involvement of the abdominal muscles, forcing the patient to bend over for periods of 20 to 30 sec. 

He was admitted to Ellis Hospital, and after admission the muscular contractions pro- 
gressed to tonic flexor and extensor spasms involving all voluntary muscles and causing severe 
dyspnea, cyanosis, and opisthotonos. These attacks lasted from 30 to 60 sec. and were repeated 
at intervals of three to five minutes. During the convulsions the patient responded to stimuli, 
and no tongue-bite was observed. Between the attacks he was apathetic and confused, and 
complained of severe muscular pains. Several electroencephalographic tracings were taken 
during and between seizures. The tracings taken during the seizures showed toxic irritation 

From the General Electric Research Laboratory. 


1. Webster, S. H.: Volatile Hydrides of Toxicological Importance, J. Indust. Hyg. & Toxi- 
col. 28:167-182 (Sept.) 1946. 


257 


| 


258 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


of the cerebral cortex with spikes spreading from frontal leads down to occipital leads. In 
the periods between seizures, the electroencephalograms showed slower high-amplitude 
activity with occasional spiking. 

Subsequent to the administration of phenobarbital sodium U. S. P. and diphenylhydantoin 
sodium U. S. P. the seizures gradually decreased in severity and frequency, and about 10 hr. 
after onset they ceased completely. The patient complained of severe exhaustion and muscular 
aching. 

Physical examination gave negative results. The patient’s blood pressure was 125/85. His 
temperature on admission was 100 F. and returned to normal 12 hr. later. After the cessation of 
seizures neurological examination revealed only slight ataxia, dysarthria, and dysdiadochokinesia. 
The hemoglobin content was 13.6 gm.; the red blood cell count was 4,370,000; the white cell 
count was 6,400, with a normal differential count; Wassermann and Kline tests of the blood 
gave negative results. Blood urea nitrogen was 20 mg., and blood glucose was 82 mg., per 100 cc. 
The sedimentation rate was 3 mm. in one hour. The urine showed no albumin and no sugar. 
A roentgenogram of the chest was normal. 

The following day, Jan. 18, the patient was quite confused and somewhat disoriented, with 
marked impairment of recent memory. The electroencephalogram now showed residual. 
irregularly shaped waves present in all leads, but seen first in frontal leads and then spreading 
to all leads. Hyperventilation increased the irregular activity. Occasional spikes were still 
present. 

Lumbar puncture showed an initial pressure of 120 mm. of water. Normal dynamics were 
found, and 14 cc. of clear, colorless spinal fluid was removed. A Wassermann test of the spinal 
fluid was negative; the total proteins of the fluid amounted to 35 mg., and the chlorides to 
750 mg., per 100 cc.; the colloidal gold curve (Lange's test) was 1112100000. 

On Jan. 22, seven days after exposure, the patient showed a great deal of improvement but 
sull had difficulty in concentrating and in repeating digits backward. He was discharged 


from the hospital on Jan. 22, continued to improve, and returned to work three days later. 


Case 2.—C. W. T., a 23-yr.-old student chemical engineer, worked together with C. W. 


on Jan. 15 and was exposed to the same material, presumably to the same extent. He also 
wore a mask during the operation, which lasted four hours. He felt no ill effects until three 
hours after finishing the work; then he began to notice fatigue and drowsiness. He slept 
restlessly during the night and experienced inability to concentrate in the morning. He 
continued to sleep intermittently during most of the day. The red blood cell count was 
4,960,000; the white cell count was 6,200, with a normal differential count. The urine was 
negative for albumin and sugar. On the following day, Jan. 17, he was able to return to work. 

Case 3.—Dr. N. K., a 28-yr.-old chemical engineer, who had been exposed to boron 
hydrides on previous occasions, worked on February 20 without a mask, noticed for a few 
seconds the characteristic odor of boron hydride, and immediately discontinued his work. About 
four hours later drowsiness developed, and that evening he had a poor appetite. The next 
morning he felt dizzy, had difficulty in focusing his eyes, which caused double vision, and was 
nervous and shaky. He did not report for work and slept most of the day and night. 

He returned to work on Feb. 22 but was unable to continue after one hour and went home. 
He still felt quite nervous and drowsy, and was unable to concentrate on simple problems. On 
Feb. 23 he felt considerably improved, had no further visual disturbances, and returned to work. 

Case 4—T. E., a chemical engineer, 31, was exposed, in December, 1949, to diborane, and 
several hours later experienced exhaustion, shortness of breath, chills, and fever, his temperature 
rising to 104 F. He was treated for “pneumonia” with penicillin. The patient made a complete 
recovery in three days. 

In November, 1950, he worked with pentaborane and experienced extreme dizziness while 
at work. This continued for several days. Three days after exposure the patient played 
basketball, became overheated, and suffered from shortness of breath and symptoms similar to 
those experienced in December, 1949. His physician found evidence of pulmonary edema, which 
disappeared following one day of rest in bed. 

On Feb. 19, 1951, while he was working with a mixture of solid boron compounds without 
using a mask, he noted a feeling of dizziness, which continued during the evening. He awoke at 
1 a. m. and felt extremely nervous. His abdominal and leg muscles twitched. He was unable to 
go back to sleep until 6 a. m. At 6:30 a. m. he had a severe seizure, with moaning and 
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generalized muscular spasms. He was conscious during this attack. He had subsequent attacks 
at 8 a. m. and 10 a. m. and was sent to Ellis Hospital, where he had more or less continuous 
seizures until 10 p. m. These seizures produced tonic spasms of all voluntary muscles with 
opisthotonos. No tongue-bite was observed. The patient was markedly confused but responded 
to stimuli and complained of extreme exhaustion between seizures. 

Next morning, Feb. 21, the patient was drowsy and apathetic, and talked slowly. Knee 
jerks and ankle jerks were hyperactive, particularly on the right. An electroencephalogram on 
Feb. 21 showed slow, 6 to 8 per second, psychomotor high-amplitude waves, first found in both 
occipital leads then spreading to parietal leads. These occurred in bursts. After hyperventi- 
lation the bursts of psychomotor waves, slightly slower, occurred in all leads. The diagnosis 
was toxic encephalopathy. An electroencephalogram taken Feb. 22 showed that psychomotor 
waves were still present, and some spread of these waves was seen after hyperventilation. 

On Feb. 23 the electroencephalogram still showed right occipital psychomotor waves, but 
the waves were more diffuse, particularly after hyperventilation. 

His temperature on admission was 99 F. The blood pressure was 110/75. Wassermann and 
Kline tests of the blood gave negative results. Blood urea nitrogen was 13 mg., and blood 
glucose was 122 mg., per 100 cc. The hemoglobin content was 14 gm.; the red blood cell count 
was 4,300,000; the white cell count was 9,100, with a normal differential count. The erythrocyte 
sedimentation rate was 3 mm. in one hour. The urine was negative for albumin and for sugar. 

Neurological examination on Feb. 22 gave negative results, but the patient showed moderate 
confusion and loss of memory, with inability to concentrate on mental tasks. 

On Feb. 23 he was discharged from the hospital. On Feb. 26 he returned to work and 
had no further complaints. 

COMMENT 

These cases illustrate the vatious reactions seen following exposure to boron 
hydrides. 

It appears from the observations that severe intoxication of the nervous system 
may follow inhalation of relatively small amounts of boron hydrides. We unfor- 
tunately are not in a position to estimate the amount of the material necessary to 
produce these effects. Nor are we completely certain as to the nature of the 
responsible compound. 

From a review of the available literature on this subject it appears unlikely 
that the observed symptoms could have been produced by the known hydrolysis 
products of boron hydrides: boric acid and hydrogen. These products have been 
shown to be relatively nontoxic to both laboratory animals and humans. Calcula- 
tions have shown that diborane is probably between 250 and 15 times as toxic 
as boric acid.” 

We have been interested in an attempt to differentiate clinically between 
symptoms produced by different boron hydrides. It appears that a syndrome cor- 
responding to “metal fume fever” has occurred whenever diborane has been the 
toxic agent, whereas pentaborane has been more effective as a central-nervous- 
system toxin. No explanation of the latent period or of the nervous-system 
symptoms can be given. 

There appears to be a considerable spread in individual sensitivity to the boron 
hydrides, manifested by the marked variations in symptoms exhibited by different 
individuals exposed to the same material in approximately identical concentrations. 

Studies have heen carried out to investigate the possible mode of action of these 
compounds. In Case 4 blood samples were taken during the acute episode and 


2. Kunkel, A. M.: Literature Survey on Toxicity of Boric Acid and Sodium Tetraborate 
(borax), Chemical Corps, Medical Division, Special Report No. 2, Army Chemical Center, 
Maryland, September, 1950. 
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three weeks after exposure for the purpose of studying the effect of the boron 
hydrides on acetylcholinesterase and cholinesterase. There was no significant 
difference between the acetylcholinesterase and cholinesterase activities of the red 
blood cells or plasma during the acute illness and the recovery period. 

A blood sample taken during the acute illness and analyzed for boron in Case 4 
revealed a value of 0.24 y/cc., compared with values ranging between 0.040 and 
0.060 y/cc. for several control samples. These analyses were made by a refine- 
ment of the curcumin procedure,* and the blood samples were collected in poly- 
ethylene bottles containing 2 cc. of 2.5% citric acid as an anticoagulant. A 2-cc. 
amount of the citric acid solution was diluted to 22 cc. with water distilled in 
quartz containers and served as a control sample for the patient’s blood. No absolute 
values were obtained for the boron content of the spinal fluid. 

Because of the obvious need for safer operating procedures, work on the 
development of monitoring devices is now in progress in this laboratory. Prelimi- 
nary results indicate that the nose is a most unreliable detector for these compounds. 

This work and the analysis of biological fluids for boron will be reported in 
detail in separate communications. 

SUMMARY 


Cases in which individuals were exposed to boron hydrides are described. 

A syndrome resembling ‘“‘metal fume fever’ has been observed following 
exposure to diborane, and a clinical picture indicative of marked irritation of the 
central nervous system appears to follow pentaborane exposures. 

In one case it was possible to demonstrate a considerable increase in the boron 
content of the blood during the acute illness. 


No satisfactory explanation of the mode of action of these compounds can be 
given at present, and no specific form of treatment is available. 


Awareness of this hazard should prevent, through adequate ventilation and 
proper monitoring, additional exposures. 


Alex Lesuk, Ph.D., of the Sterling-Winthrop Research Institute, Rensselaer, N. Y., made 
the determinations of acetylcholinesterase and cholinesterase activities. L. P. Pepkowitz, Ph.D., 
J. Rynasiewicz and J. W. Ryan of the Knolls Atomic Power Laboratory, Schenectady, N. Y., 
made the boron determinations. 


3. Naftel, J. A.: Colorimetric Microdetermination of Boron, Indust. & Engin. Chem., Anal. 
Ed. 11:407-409, 1939. 
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TOXICOLOGY OF TWO BUTOXYPOLYPROPYLENE 
GLYCOL FLY REPELLENTS 


CHARLES P. CARPENTER, Ph.D. 
FRANCES H. CRITCHFIELD, MS. 
JOHN H. NAIR Ill, MS. 
AND 


C. BOYD SHAFFER, Ph.D. 
PITTSBURGH 


HE CONSTANT flow of new industrial chemicals places a continuing respon- 

sibility on the toxicologist for the elucidation of properties which may create 
hazards to health during application. The problem is a particularly important one 
with agricultural and insecticidal chemicals, since the possibility of incidental food 
addition exists, and a comprehensive investigation of pharmacological properties 
should precede their widespread use. It is with this view in mind that we have 
directed our attention to two butoxypolypropylene glycols that may be used as fly 
repellents on livestock as has recently been proposed.’ 


MATERIALS 


The two products under investigation are both butoxypolypropylene glycols 
(hereinafter designated BPG), one with an approximate molecular weight of 400, 
and the other with a molecular weight of approximately 800.* Both are moderately 
viscous liquids, but the viscosity of the latter is about 2.5 times that of the former. 
BPG 400 has a specific gravity at 20 C./20 C. of 0.973, and is soluble in water to the 
extent of about 0.2% at 20 C. BPG 800 has a specific gravity of 0.990 and a water 
solubility of 0.1% at the same temperatures. Both materials are substantially non- 
volatile, with vapor pressure under 0.1 mm. at 20 C. They are soluble in most 
organic solvents, including alcohols, ketones, toluene, and gasoline. Formulations 
and compatibilities are given in the original publication.’ 

Currently the repellents are applied to dairy cattle in the form of water emulsions 
or solutions in petroleum base oils approximating kerosene. In either form about 
5% of repellent is present, and insect knock-down or killing agents may be added. 
Application is at the rate of some 2 fluid ounces (about 60 ml.) of 5% formulation 
sprayed on each cow, seldom more often than every other day. Development work 
indicates the probability that BPG compounds may be added to insecticidal aerosol 
hombs for general use. A limited number of agricultural workers will undoubtedly 


From the Mellon Institute of Industrial Research, University of Pittsburgh. 


1. Granett, P.; Haynes, H. L.; Connola, D. P.; Bowery, R. G., and Barber, G. W.: Two 
Butoxypolypropylene Glycol Compounds as Fly Repellents for Livestock, J. Econ. Entomol. 
42:281-286, 1949. 


2. Sold under the protected trade name “Crag Fly Repellent” by the Carbide & Carbon 
Chemicals Division, Union Carbide and Carbon Corporation, New York. 
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handle and apply formulations of the compounds every day. The investigation 
described below demonstrates that the probability of adverse effects resulting from 
inhalation of the repellent, skin penetration, skin irritation and dermal sensitization 
is low. 

ACUTE TOXICITY 

Single Oral Doses —The standard practice of this laboratory is to administer 
single oral doses by stomach tube to nonfasted animals. The observation period 
during which mortalities are enumerated is 14 days, and the L. D.,,’s are currently 
calculated by the method of Thompson.* All animals for single dose work are 
maintained on the appropriate Rockland diet planned specifically for that species. 
\nimals of the following weight ranges are used in all tests unless otherwise speci- 
fied: rats, 90 to 120 gm.; guinea pigs, 250 to 300 gm.; rabbits, 2 to 3 kg. The use 
of animals of these weight ranges provides information during the period of rapid 
growth and development. when effects are most readily detected. 

3utoxypolypropylene glycol 400 (BPG 400) was fed by stomach tube to male 
albino Sherman-strain rats as a 50% aqueous dilution with a resultant L. D.,. of 
5.84 (4.81 to 7.09) gm./kg. The concomitant symptoms of distress included slug- 
vishness, gasping, tremors, and convulsions as the dosage levels increased. At the 
highest level fed, death often ensued within four hours, while in no instance did any 
animal die after 24 hr. Autopsies revealed nothing more remarkable than congestion 
of the liver and of the gastrointestinal tract. 

Undiluted BPG 400 fed to male albino New Zealand-strain rabbits produced an 
L.. D.;, of 3.30 (2.81 to 3.86) gm./kg. Convulsions and rapid death occurred 
within 24 hr. in almost every instance. Autopsy revealed pale livers and kidneys. 
gastrointestinal-tract irritation, and watery feces. 

The L. D.,,. for mature male albino guinea pigs fed a 50% dispersion of BPG 
400 in 1% tergitol* 7 was 2.46 (1.88 to 3.23) gm./kg. The majority of the deaths 
followed violent convulsions within an hour after dosing. The principal autopsy 
finding was gastrointestinal irritation. 

sutoxypolypropylene glycol 800 (BPG 800) was fed to rats as a 50% dispersion 
in 1.0% aqueous tergitol™® 7. The L. D.,, was 9.16 (8.15 to 10.29) gm./kg. This 
compound did not cause the striking symptoms of distress that followed doses of 
BPG 400 although all deaths occurred within 24 hr. At autopsy there was found 
congestion or hemorrhage of the lungs, gastrointestinal-tract irritation, and conges- 
tion of the liver and of the pancreas. 

The L. D.., for male rabbits fed undiluted BPG 800 was 23.7 (19.3 to 29.0) 
ml./kg. The majority of deaths occurred within 24 hr. without any notable prior 
symptoms of distress. The lungs of those dying at dosages close to the L. D.,;, were 
congested or hemorrhagic ; the livers and the kidneys were pale, and excessive fluid 
was found in the peritoneal cavity. 

The L. D.,, for mature male albino guinea pigs weighing 500 to 800 gm. was 
6.8 (4.8 to 9.6) gm./kg. for BPG 800 fed as a 50% dispersion in 1.0% tergitol® 7. 
In this species lung hemorrhage, gastrointestinal-tract irritation and congestion 
of the peritoneum were noted at autopsy of fatalities. 


3. Thompson, W. R.: Use of Moving Averages and Interpolation to Estimate Median- 
Effective Dose, Bact. Rev. 11:115-145, 1947. 
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The above acute results of oral intake indicate that BPG 400 is 1.5 times as toxic 
for rats, 2.7 times as toxic for guinea pigs and 7 times as toxic for rabbits as is 
BPG 800. 

Single Intraperitoneal Injections.—Undiluted BPG 400 was injected intraperi- 
toneally without strict aseptic precautions but with syringe and needle washed with 
acetone and air-dried before use. The RF L. D.,, for male rats of the previously 
indicated specifications was 0.32 (0.20 to 049) gm./kg. All deaths with but one 
exception occurred within four hours after dosing, and this fact helps to validate 
each death as a result of toxic action rather than as a result of infection. A level of 
1.0 gm./kg. caused paroxysms, retching, frothing at the mouth, and death within 
15 min. One-half this level caused tremors and death within four hours. No symp- 
toms of distress resulted after 0.252 and 0.126 gm./kg. Autopsy revealed that the 
blood was darker in color than normal and that the liver, the peritoneal wall, and 
the adrenals were congested. 

BPG 800 was injected by the intraperitoneal route in an identical manner, with 
a resultant L. D.,, of 0.91 (0.50 to 1.69) gm./kg. for the undiluted compound. No 
symptoms of distress were noted at the 1.0 gm./kg. level; at 2.0 gm./kg. the rats 
were narcose, while at 3.98 gm./kg. violent convulsions and frothing at the mouth 
occurred. From the foregoing, it is obvious that BPG 400 is three times as toxic 
by the intraperitoneal route as is BPG 800. 


Skin Penetration—A modification of the method of Draize, Woodard and 


Calvery * was used to determine the ability of these compounds to penetrate the 


hair-free skin of the trunk of male albino New Zealand-strain rabbits. Undiluted 


BPG 400 was held in contact with the skin for a 24-hr. period under an impervious 
dam of vinylite™ sheeting snugly encircling the trunk. The L. D.,,. of 13.34 (10.0 
to 17.8) ml./kg. indicates poor skin penetration. Deaths, for the most part. 


occurred several days or more subsequent to the dosing, and most of the survivors 
lost weight. Autopsy of those dying revealed erythema and desquamation of the 
skin, pale livers, pale kidneys with pitted surfaces, and congestion of the intestinal 
blood vessels. 

BPG 800, on the other hand, caused the death of only one of 10 rabbits which 
received the maximum dosage of of 20 ml./kg. of the undiluted compound. Higher 
dosage levels are not feasible because of the impracticability of keeping more than 
50 ml. of fluid under the impervious sheeting. 

Inhalation —Groups of six female rats weighing 120 to 150 gm. were exposed 
ior an eight-hour period to substantially saturated vapors of BPG 400 and BPG 800 
produced by passing an air stream through 50 ml. of the repellent contained in a 
250-ml. gas-washing bottle. There was no apparent injury to the animals that could 
be detected within a subsequent 14-day observation period. All of the rats registered 
normal weight gains, and no gross organ damage was evident at autopsy. 

Similar groups of rats were exposed for eight hours to fogs of BPG 400 and 
BPG 800 generated by means of a vaponefrin® nebulizer. Visible aerosols were 
formed with both materials, but they were not of sufficient density to make visual 


4. Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study of Irritation 
and Toxicity of Substances Applied Topically to the Skin and Mucous Membranes, J. Pharmacol. 


& Exper. Therap. 82:377-390, 1944. 
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examination of the rats impossible. The concentrations achieved were 0.0052 ml./1- 
with BPG 400 and 0.0036 ml./l. with BPG 800. None of the animals succumbed, 
but weight gains during the 14-day observation period were slightly subnormal. 


SUBACUTE TOXICITY 

Subacute Oral Doses —During a period of 90 days BPG 400 was administered 
to groups of five male and five female rats at concentrations of 4.0, 1.0, 0.25, and 
0.0% in a modification of Food Research Laboratory Diet 2-C. The composition of 
this diet on a percentage basis was as follows: freshly ground wheat, 60; dried 
whole milk, 30.5; liver extract U. S. P., 1.5; Fleischmann’s Type 50-B inactive 
dried brewer’s yeast, 5.0; calcium carbonate U. S. P., 1.0, and iodized salt, 2.0. The 
animals were maintained five to a cage, with sexes separated. A careful record was 
kept of the amount of the diet consumed and of the weekly weights of the rats. With 
this procedure, it was possible to calculate the dosage level in terms of grams of 
diet eaten per kilogram of body weight per day, on the assumption, of course, that 


Results of Ninety-Day Doses of BPG 400 in the Diet 


Dosage, gin./kg./day 3.2 0.67 
Concentration in the diet, % : 10 


Mean weight gain of surviving rats, gm Pee 116.6 156.6 


Liver weight as % of body weight 5.13" 3.59" 
Kidney weight as % of body weight 0.73" 0.66 


Sets of tissues examined from uninfected rats........... 
Sets with major pathological change.................. ‘ 
Sets with any pathological 


Deviation from controls is statistically significant. 


each rat in a cage ate an amount proportional to its weight. Water was provided in 
nonfouling-type bottles and diet in modified McCollum feeding cups. A summary of 
the combined results on males and females is presented in the table. 

Two of the nine uninfected rats that received 4% of BPG 400 in their diet 
succumbed in an average time of 73.5 days. Micropathological examination of their 
tissues showed light cloudy swelling of the convoluted and loop tubules of the 
kidney as well as slight congestion and cloudy swelling of the liver. The tissues of 
the seven surviving rats revealed no micropathological change. However, the surviv- 
ing rats gained weight at a slower rate, after an initial decrease, and statistically had 
significantly heavier livers and kidneys than did the control rats. When the data 
for male and female rats were analyzed separately, it was found that males were 
more affected than females. The mean weight gain of the surviving males showed 
a statistically significant decrease from the male controls; furthermore, both liver 
and kidney weights as percentages of body weight showed increases. The female 
rats differed from their controls in only one criterion of effect, namely, a signifi- 
cantly increased kidney weight. 

Two rats maintained on the 1% level of BPG 400 were killed because of per- 
sistent loss of weight after 21 and 77 days, respectively. The only pathological 


i 
0.16 
0.25 0.00 
12.10 12.70 
146.5 162.3 
3.35 3.07 
0.69" 0.62 
SC 9 9 
Mean number of days to death.............. 73.5 Sins 
9 10 8 
0 0 0 0 
2 2 0 3 
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alteration noted was cloudy swelling of the liver, but this was of no greater severity 
than that present in three of the nine uninfected controls. At this level the males 
had significant increases in kidney and liver weights, but in none of the criteria of 
effect examined did the females deviate from their controls. 

One of the rats that received 0.25% of BPG 400 was killed because of the loss 
of weight after 49 doses. Histopathological examination revealed no damage to 
adrenal, kidney, liver, spleen, or testis in this rat or in the other 8 uninfected 
survivors. The mean liver weight as percentage of body weight showed an increase 
for the males at this level, but no other criteria were statistically different for the 
two sexes on separate analysis. However, when the combined means for both sexes 
were calculated, it was found that the kidney weights as percentages of body weights 
were significantly increased over those of the controls. This is considered to be an 
artifact, as data at the adjacent fourfold level of 1.0% contradict it. The 90-day 
no-effect dosage level, therefore, lies between 0.16 and 0.67 gm./kg./day or between 
0.25 and 1.0% of BPG 400 in the diet. 

An exactly similar study was undertaken on BPG 800 during 1946, but epidemic 
lung infection caused the death of 22 of the 40 rats used. These rats ate 1.48, 0.52, 
0.12, and 0.0 gm./kg./rat/day, but no micropathological developments were detected 
among the survivors. The 4% concentration reduced food intake by 50% and 
significantly decreased growth. All concentrations increased liver weight. Because 
only 40, 80, 20, and 40% of the rats survived at 4, 1.0, 0.25, and 0.0% levels, 
respectively, of BPG 800 in the diet, the results are of dubious value and no more 
definite statement may be made than that a dosage of 0.52 gm./kg./day for 90 days 
is too great to be tolerated by rats. 

Repeated Inunctions—BPG 400 was applied by gentle inunction to the clipped 
skin of groups of 10 rabbits weighing 3 to 4 kg. in dosages of 1.0, 0.3, and 0.1 
ml./kg./day, five days per week for six weeks. The doses were confined to a 100 sq. 
cm. area on the clipped rabbit belly. The undiluted liquid was massaged into the 
skin for one minute in each 15 min. during one hour. At the end of this period the 
skin was gently blotted with cleansing tissue. Rabbits were weighed weekly, and 
the doses to be applied were recalculated on the basis of the latest weight. 

At the 1.0 and 0.3 ml./kg. level seven of 10 rabbits survived 30 inunctions with 
mean weight changes of —455 and —352 gm. Six rabbits survived at the 0.1 ml./kg. 
level, as did all of the controls. Their mean weight changes were —233 and +67 
gm., respectively. Thus, all treated groups lost weight over the period of the 
experiment. 

Three of the seven survivors of the 1.0 ml./kg./day level had light cloudy 
swelling of the liver, and two of these had in addition some fatty degeneration of 
that organ. One of the seven survivors of the 0.3 ml./kg./day group had light 
cloudy swelling and fatty degeneration of the liver, as did one of the six survivors 


in the 0.1 ml./kg./day group. Light cloudy swelling was found in another liver 


of the latter group of survivors. No renal pathological change was found in sur- 
vivors at any level. The controls were normal. 


The gross effects, apparent after the second dose, included erythema, fissures, 


pustules, and desquamation of the skin. The pustules, similar in appearance to boils 
on human skin, were probably caused by staphylococcic infections of the fissures. 
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Although all of the deaths were attributed to lung infections, the weight losses 
and scattered pathological changes in the liver lead us to the conclusion that a 
30-day no-effect level would be below 0.1 ml./kg./day. 

BPG 800 was applied by inunction to the clipped bellies of eight male albino 
New Zealand-strain rabbits at 1.0 and 0.1 ml./kg./day five days per week for 18 
weeks. The animals were weighed weekly, and the volume of undiluted compound 
needed to keep the dosage constant in terms of milliliters per kilogram per day was 
recalculated weekly. The dose was rubbed gently into the skin of the belly area with 
a 6-in. (15-cm.) glass test tube. The animals were restrained for no more than a 
one-hour period each day of inunction and were released without any cleansing 
of the area of inunction. 

The mean weight gain was 454.8 gm. for the seven survivors anointed with 
1.0 ml./kg. day and 602.8 gm. for the group given inunctions of 0.1 ml./kg./day. 
One rabbit in each group succumbed to a lung infection. Histopathological examina- 
tion of kidney, liver, and skin of the seven survivors revealed no abnormalities. 
During the course of the inunctions there appeared a minor amount of localized 
skin irritation characterized by mild erythema and desquamation. The reactions 
were less pronounced as the experiment progressed, but they were noticeable on 
some of the rabbits after 90 doses. 

The above findings are in agreement with the oral toxicity results. BPG 400 
is 1.5 to 7 times as toxic by mouth as BPG 800, and this result seems to be verified 
by parenteral toxicity. 


PRIMARY IRRITATION AND SENSITIZATION 


The four-hour rabbit-belly irritation test was performed on rabbits which had 
been selected for particularly sensitive skin. These animals were screened by apply- 
ing 2-ethylhexyl carbitol® (8-ethyl,3,6-dioxydodecanol-1) to an area on the 
belly, subsequently avoided in the test, and then rejecting any animal that did not 
react with moderate to marked erythema within 30 min. after the time of the 
application. Undiluted BPG 400 and 800 were applied repeatedly in 0.01-ml. 
amounts at 30-min. intervals for a four-hour period (eight applications) to selected 
areas on the clipped bellies of five rabbits, and the reactions were read 24 hr. later. 
The reactions were scored as follows: marked erythema, 4 points; moderate, 3; 
marked capillary injection, 2, and moderate injection, 1. In our rating system total 
scores on five rabbits of 0 to 5, 6 to 10, 11 to 15, 16 to 20, and 20+ are assigned 
grade letters A, B, C, D, and E, respectively. BPG 400 falls in Grade C and BPG 
800 in Grade B. 

Both BPG 400 and BPG 800 cause only minimal corneal injury when applied 
undiluted in 0.5 ml. amounts to rabbit eyes. They are no worse than glycerin or 
liquid petrolatum U. S. P. in their irritative action on rabbit eyes. 

As to humans, five-day patch tests with undiluted BPG 800 on 200 subjects 
showed no primary irritation, nor was there evidence of sensitization on retest 
three weeks after the first application. 


ABSORPTION AND EXCRETION 


The gastrointestinal absorption and urinary and fecal excretion of the butoxy- 
polypropylene glycols were studied in a series of adult albino rabbits after single 
oral doses of 2 gm./kg. The methods used for quantitatively estimating these 
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materials in urine and feces were the same as described in a previous publication 
on ethylene oxide polymers,’ and depend fundamentally on chloroform extraction 
of the dried excreta followed by the application of the alkoxyl procedure to an 
aliquot of the extract. 

BPG 400 is absorbed practically completely from the gastrointestinal tract in 
doses of the above magnitude, as evidenced by the finding of less than 5% of the 
dose in the feces during the 72 hr. following its administration. Four rabbits were 
observed in this connection, and a metabolite equivalent to 40% to 55% of the dose 
was excreted in the urine of three of them during the first 24 hr. The fourth animal 
was anuric during this period of time, and it is significant that the urine excreted 
during the last two days of the collection period contained little (less than 3%) of 
the dose administered. The prolonged retention of the material apparently permitted 
nearly complete metabolic destruction. It is evident from the recoveries in the 
other three cases that a substantial proportion of the ingested compound does 
undergo such destruction. 

The product excreted in the urine subsequent to oral doses of BPG 400, while 
calculated in terms of the latter, is obviously not identical with it by reason of the 
difference in water solubility. Because of the chemical nature and physical proper- 
ties of the butoxypolypropylene glycols, we were unable to purify and characterize 
chemically the crude product isolated from the urine. As an alternative, a com- 
parison of the infrared spectrums of the original material and the excretory product 
was made. Such a comparison indicates that the principal metabolic alteration is 
the removal of the butyl group. It is not possible to tell by this means, however, 
whether any shortening of the propylene oxide chain has occurred. 

One of the potential hazards of pesticides used on livestock is the possibility that 
a chemical will be stored in the animal body and subsequently transmitted to humans 
in meat and dairy products. We have attempted to determine the likelihood of this 
possibility in regard to BPG 400 by analysis of the livers and carcasses of rats that 
had been fed for 30 days a diet containing 5% of the repellent. While the analytical 
method lacks sensitivity, the amount that can be determined with fair accuracy is 
sufficiently small in proportion to the total amount ingested as to justify a conclusion 
on the question of storage and/or concentration. 

In performing the analysis, the entire animal exclusive of the digestive tract, 
or the pooled livers of five animals, were taken into solution in dilute sodium 
hydroxide on a steam bath. In the former case the skeletal residue was filtered 
off, dissolved in a minimum amount of concentrated hydrochloric acid, and returned 
to the main bulk of the digest. The alkaline digest was then extracted with an 
alcohol-ether mixture (2:1). The solvents of the extract were evaporated, and the 
unsaponifiable fraction of the fatty residue was separated according to a standard 
procedure. This fraction, which contains any butoxypolypropylene glycol, is 
secured in petroleum benzin solution, and aliquots of this solution are submitted 
to the alkoxyl determination. Such a separation eliminates glycerol, which is the 
principal source of interference in the final determination. 


5. Shaffer, C. B.; Critchfield, F. H., and Nair, J. H., III.: The Absorption and Excretion 
of a Liquid Polyethylene Glycol, J. Am. Pharm. A. Scient. Ed. 39: 340-344, 1950. 

6. Methods of Analysis, ed. 4, Washington, Association of Official Agricultural Chemists, 
1935, p. 420. 
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One-hundred-milligram quantities of BPG 400 added to liver tissue were recov- 
ered to the extent of 87, 88, and 96%, respectively, in three trials. Similarly, of 
this amount added to a rat carcass, 76, 82, and 83% were recovered, respectively, 
in three trials. 

Four groups of five rats each were fed a basal diet containing 5% BPG 400 for 
30 days, and a similar number of animals received the basal diet alone. The mean 
food consumption of the test animals was 9.7 gm./rat/day, which represents a total 
ingestion of 14.5 gm. of BPG 400 for the duration of feeding. At the conclusion of 
the 30-day period, all animals were killed. The livers of the five animals in each 
group were pooled—making a total of eight samples, four test and four control— 
and analyzed for BPG 400. Also, the carcass of one rat exclusive of liver and gas- 
trointestinal tract was selected at random from each group and analyzed similarly. 

The value for total BPG 400 determined on the pooled livers in the four test 
groups did not differ significantly from the blank values obtained on the control 
groups. The mean value for total BPG 400 determined on the carcasses of the four 
test animals was 9.6 + 4.2 mg., compared with a mean of 2.0 + 0.8 mg. for the 
four control animals. This difference is significant statistically. However, even if 
a considerable correction for incomplete recovery were applied, the amount involved 
is so small in proportion to the daily intake of about 500 mg. that we conclude it 
represents material which is in the process of passing immediately through the body, 
rather than any incipient accumulation. 

Of single oral doses of BPG 800 given to albino rabbits, a much greater propor- 
tion is eliminated in the feces than in the urine. Total recoveries from both routes 
were 45, 50, and 66% of the dose administered in three cases, respectively. The 
fraction recovered from the urine amounted to 16, 15, and 8% in the same order 
as above. 

MISCELLANEOUS OBSERVATIONS 


Polypropylene glycols in the range of molecular weights from 400 to 800 have 
been shown to elicit ventricular extrasystoles when injected intravenously in anes- 
thetized dogs at doses ranging from 10 to 90 mg./kg.’ This effect has also been 
obtained with oral doses of 0.1 gm./kg. of a polypropylene glycol with a mean 
molecular weight of 425.8 It seemed pertinent, therefore, to determine whether the 
butoxy ethers of this class of compounds, as exemplified by BPG 400 and BPG 800, 
possessed comparable activity. Only one dog was tested in this regard, and BPG 400 
had no effect on the cardiogram at an oral dose of 1 gm./kg. The record was taken 
over a 15-min. period immediately following the dose. 


SUMMARY 


Butoxypolypropylene glycol (BPG) 400 given as a single dose by the oral route 
is slightly toxic for albino rats and moderately toxic for rabbits and guinea pigs. 
BPG 800 is slightly toxic for guinea pigs and rats and of an extremely low order 
of toxicity for rabbits by the same dose-route. 


7. Shideman, F. E., and Moe, G. K.: Production of Ventricular Extrasystoles in the Dog 
by a Polypropylene Glycol, Federation Proc. 8:332, 1949. 

8. Shaffer, C. B.; Carpenter, C. P.; Critchfield, F. H.; Nair, J. H., III., and Franke, F. R.: 
A Toxicological Study of Some Polypropylene (Polyoxypropylene) Glycols, A. M. A. Arch. 
Indust. Hyg. & Occup. Med. 3:448-453 (May) 1951. 
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The 90-day no effect dosage level for rats fed BPG 400 in a modified Sherman 
diet lies between 0.16 and 0.67 gm./kg./day. BPG 800 is predicted to be no more 
harmful and probably less so. 

The L. D.;5 of undiluted BPG 400 by intraperitoneal injection is 0.3 ml./kg., 
which makes it roughly three times as toxic by this route as BPG 800. 

Neither compound constitutes a hazard by skin penetration as judged by 24-hr. 
applications to the clipped trunks of rabbits. Thirty-day inunctions on rabbits 
revealed that the no-effect level for BPG 400 would be less than 0.1 ml./kg./day, 
while for BPG 800 the corresponding level would be 1.0 ml./kg./day or more. 

BPG 400 is slightly more irritating to the extremely sensitive skin of the rabbit 
belly than is BPG 800, but neither caused damage more severe than erythema on 
repeated application. No appreciable damage to the cornea of the rabbit eye results 
when an excess of either of the undiluted chemicals is applied. 

BPG 800 does not produce primary irritation of skin or cutaneous sensitization 
in human subjects as judged by patch tests on 200 persons. 

BPG 400 is readily absorbed from the gastrointestinal tract of the rabbit, and a 
certain proportion is excreted in the urine in the form of a water-soluble derivative. 
BPG 800 is considerably less well absorbed, and as much as 50% or more of a 
single dose may be excreted in the feces. 

Analyses of the livers and carcasses of rats fed a diet containing 5% BPG 400 
for 30 days indicate that there was no storage of the compound within the bodies 
of the animals. 


COAL WORKERS’ PNEUMOCONIOSIS 


Pathological and Etiological Considerations 


A. G. HEPPLESTON, M.B., M.R.C.P. 
CARDIFF, WALES 


N THE basis of over 700 autopsies, pneumoconiosis in Welsh coal workers 

is now regarded as manifesting two distinct forms, the simple or macular 
variety, which can be attributed only to the action of dust, and the complicated or 
massive type believed to result from the combined effect of dust and infection.’ 
A recent investigation of the occurrence and the form of pulmonary disease in 
American coal workers from both hard-coal and soft-coal areas and in workers from 
Scottish and other coal fields afforded an opportunity of examining the general 
pathological features of their disease in the light of the findings in Welsh workers. 
Asa result, it appears that coal workers from the old and new worlds exhibit a funda- 
mentally similar type of pneumoconiosis, which is distinct from classic silicosis. 
Accordingly, it is now possible to throw some light on the genesis of this disease. 


MATERIAL AND METHODS 


From U. S. A.—Tissue was available from 50 coal workers, 19 having been employed in 
anthracite mines and 27 in bituminous-coal mines. Of the remaining four, one had mined both 
hard and soft coal, while the industrial histories of three men did not specify the type of coal 
in which they had worked. The durations of the industrial exposures to dust in the hard-coal 
and in the soft-coal workers were comparable, varying individually from 10 to 46 yr. in the 
former and from four to 40 yr. in the latter with an over-all average of 22 yr. of exposure. No 
records of the concentrations of dust in the atmospheres in which the men had worked were 
available. Nevertheless, five men had been employed underground for no more than 10 yr. So 
far as could be ascertained, some of the men had worked not only at the coal face as cutters 
or loaders but also in the associated rock stratums and on the roadways of the coal mines. 

From Scotland—Eight cases were studied, the men all having worked in the steam-coal 
mines of the lowlands. Accurate information concerning the individual durations of employment 
was not available. 

From Other Coal Fields—Material was available from four men, who had mined coal in 
England (one in Lancashire and one in Cumberland), Germany, and Russia. 

Coal workers whose history in any way suggested that they had also been exposed to occupa- 
tional dust hazards in industries other than coal mining were excluded from this investigation. 


Dr. Heppleston was a Dorothy Temple Cross Research Fellow of the Medical Research 
Council of Great Britain. 

From the Department of Pathology, Welsh National School of Medicine, Cardiff, Wales, 
and Henry Phipps Institute, University of Pennsylvania, Philadelphia. 

1. Gough, J.: Pneumonoconiosis in Coal Workers in Wales, Occup. Med. 4:86-97, 1947. 
Heppleston, A. G.: Medical Aspects of Pneumokoniosis, Tr. Inst. Min. Engineers, London 
108: 456-464, 1949. 
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Controls—In order to emphasize the salient features of simple pneumoconiosis of coal 
workers, lung tissue from a series of 15 individuals who had classic silicosis, mainly sandblasters 
and pottery workers, was examined together with material from 25 town dwellers who had no 
history of any occupational exposure to dust. 


All lung tissue was formaldehyde-fixed and embedded in paraffin under reduced pressure. 
Serial sections 5 microns thick were employed throughout in order to permit staining of the 
same lesion for reticulin fibers (by a modified Wilder technique) and for elastic fibers (by a 
modification of Weigert’s stain) as well as with hematoxylin and eosin for its general features. 
Microincineration followed by treatment with hydrochloric acid 2 was confined to selected cases 
of simple pneumoconiosis, both hard-coal and soft-coal workers at different stages of the 
disease being represented, and the appearances were controlled by similarly treated sections from 
lungs showing classic silicosis and “normal” lungs. In this way, it was thought, microincineration 
would be of most help in studying the mechanism of dust action uncomplicated by any other 
factor. 


PATHOLOGY 
Macroscopic APPEARANCES 

American Coal Workers.—The lungs of 12 persons (5 anthracite and 7 bitu- 
minous-coal workers) contained masses of black rubbery consolidation, often 
measuring several centimeters across and tending to be located in the upper two- 
thirds of the lung rather more posteriorly than anteriorly. Occasionally this 
massive lesion ran across the main interlobar fissure, which in consequence was 
obliterated. As a rule, only one massive lesion was found in a lung. On section 
of such a lesion, a silvery filigree pattern was just perceptible on a jet-black back- 
ground, while the surrounding lung parenchyma often showed bullous emphysema. 
In the immediate vicinity of the larger areas of massive fibrosis several hard nodules, 
measuring up to a centimeter or so in diameter, were occasionally present. In 
all but size these nodules were similar in appearance to the massive lesions, although 
there was little or no emphysema around them. 

Lung tissue not occupied by the massive or nodular lesions was studded with 
numerous black macules, which varied from 1 to 4 mm. in diameter in different 
cases and which tended to be smaller and somewhat less numerous toward the base 
of the lung. On palpation these macules could only just be distinguished from the 
unpigmented lung tissue. In some cases the macules were surrounded by a ring of 
emphysematous air spaces which were of fairly uniform size in any particular case 
but varied from 1 to 3 mm. across in different cases. Enlarged air spaces also 
occurred within as well as around the pigmented zone. This focal emphysema, 
occurring only in relation to the macular dust lesions, produced a most distinctive 
appearance. 

Scottish and Other Coal Workers——Of the eight Scottish coal workers, two 
had massive lesions measuring 2 cm. across. Dust macules were present without 


focal emphysema in two of these men and with focal emphysema in the remaining 


six. The focal emphysema varied from slight to severe in the different individuals. 

The remaining miners had simple pneumoconiosis, but no massive lesions, the 
men from England and Russia exhibiting macules alone, while in the German miner 
the macules were associated with focal emphysema. 


2. Irwin, D. A.: The Histological Demonstration of Siliceous Material by Microincinera- 
tion, Canad. M. A. J. 31:135-146, 1934. 
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Microscopic APPEARANCES 
This description applies equally to coal workers from all the coal fields under 
review. 
Massive Lesions.—Coarse, hyalinized collagen fibers were a prominent feature, 
arranged in bundles which sometimes ran in parallel formation and sometimes 


Fig. 1—A, margin of a massive lesion, showing dust phagocytes being enmeshed by fibrous 
tissue. Hemalum and eosin; x 100. 


B, center of massive lesion in which masses of coal dust are intimately associated with 
hyaline connective tissue. Hemalum and eosin; x 100. 


irregularly. The whorling characteristic of silicotic fibrosis did not occur in the 
massive lesions of these coal workers. Mingled with the fibrous tissue were black 
areas consisting of dust particles, lying either free or in small aggregates which 
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probably represented the remains of dust-laden phagocytes (Figs. 14 and B). 
In many parts, however, the fibrous tissue was largely devoid of pigment. Included 
in massive lesions were small foci of chronic inflammatory cells, principally lympho- 
cytes (Fig. 2), together with many small vessels showing endarteritis or hyalini- 
zation. Larger vessels and bronchioles were inconspicuous. Ischemia due to 
vascular occlusion was in all probability responsible for the areas of colliquative 
necrosis which sometimes occurred in massive lesions. This necrosis was apparent 
only on cutting into the lesions, when a thick inky-black fluid, sometimes shimmering 
with cholesterol crystals, flowed out to leave a cavity with shaggy edges but no 
recognizable wall to demarcate it from the surrounding consolidation. The collagen 
fibers bordering the cavity were partially necrotic and terminated abruptly, so that 
the dust particles were no longer held in place but were cast off into the zone of 


_ Fig. 2—Edge of massive lesion. Many lymphocytes occur among the dust cells and fibrous 
tissue. Hemalum and eosin; x 100. 


liquefaction. Occasionally a cavity with a well-defined grayish wall occurred in a 
massive lesion. The lining of such cavities showed evidence of an inflammatory 
reaction suggestive of tuberculosis in the form of eosinophilic granular necrotic 
material with granulation tissue in which epithelioid cells or Langhans’ giant cells 
might be present. It appears, therefore, that ischemic and infective cavities may 
be distinguished in coal workers’ pneumoconiosis, as is also the case in silicosis.* 
Small areas of caseation, evident to the naked eye in the substance of a few massive 
lesions, consisted of eosinophilic necrotic tissue. In some cases the latter was 
surrounded by tuberculous granulation tissue, suggesting that this eosinophilic 
necrosis was tuberculous even in the absence of specific histological features. Cavi- 
tation had not occurred in the massive lesions of the Scottish coal workers. 


3. Vorwald, A. J.: Cavities in the Silicotic Lung, Am. J. Path. 17:709-718, 1941. 
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Macular Lesions —The principal change in the early stage of the simple pneumo- 
coniosis of these coal workers, irrespective of the duration of their employment, 
the type of coal mined, or whether they had worked mainly at the coal face or 
not, consisted of a small aggregation of dust, 1 to 2 mm. in diameter, mostly con- 
tained in phagocytes and located in the region of the divisions of the respiratory 
bronchioles and their accompanying arterioles. The dust lay partly in the inter- 
stitial tissue at these points and partly in the surrounding alveoli and alveolar 
walls (Fig. 3). The only other demonstrable structure in the macular lesion was 
a delicate network of reticulin fibers lying amongst the interstitial dust. The air 
passages apart from occasional dust cells in their lumens, were normal. A little 
dust also tended to accumulate around some of the venules situated at the periphery 
of primary lung lobules and beneath the pleura, especially where it was joined by 
the fibrous septa delineating the secondary lobules of the lung; in these situations, 


Fig. 3—Early dust macule. There is focal accumulation of dust cells in the alveoli and 
interstitial tissue around respiratory bronchioles. Hemalum and eosin; x 25. 


however, dust was relatively insignificant in amount. No evidence of a linear 
collection of dust along the course of the peribronchial and periarterial lymphatic 
vessels could be found, although some pigment had been carried to the hilar lymph 
glands, and a little occurred in tiny foci where bronchi or nonrespiratory bronchioles 
divided. At this early stage of the disease, the vesicles around the main dust foci 
showed no evidence of emphysema, and there was no general distortion of the 


elastic fiber network of the lung, but elastic fibers were absent from the interstitial 
accumulations of dust. 


In only a few cases were these small lesions present in relation to respiratory 
bronchioles, most specimens showing larger dust foci, measuring 2 to 4 mm. across, 
in the same locations. In effect the larger lesions represented well-defined areas 
of consolidation, some of which were apparently still in process of formation and will 
therefore be described as formative lesions, while other macules were shrunken, 


so that they may be referred to as retrogressive lesions. In formative lesions the 
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Fig. 4.—A, macule in a somewhat later stage of development than that in Figure 3. Inter- 
stitial and intra-alveolar dust cell aggregation is still evident in relation to airways. Elastin 
stain; x 25. 


B, air spaces containing masses of dust cells in the body of a formative lesion. Reticulin 
stain; X 300. 
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Fig. 5.—A, alveoli and their walls infiltrated by dust phagocytes at the margin of a macule 
which is in process of formation. Reticulin stain; x 300. 


B, characteristic reticulin fibrosis in the body of a developing macule. Reticulin stain; x 300. 
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original pulmonary structure was not completely obscured (Fig. 44), since alveolar 
walls heavily infiltrated with dust phagocytes and air spaces packed with similar 
cells could be seen in the body of such lesions (Fig. 4B). At the margins of 
formative macules dust cells extended for a short distance into the alveolar walls 
and collected in the spaces abutting on the lesions (Fig. 54). Most of the phago- 
cytes were, however, in close apposition and enmeshed by irregularly disposed 
reticulin fibers (Fig. 5B), the staining properties of which suggested that in parts 
a transformation to fine collagenous connective tissue was taking place. Fragmented 
elastic fibers could be detected at the edges of some of the formative lesions. The 


Fig. 6.—Dust macule showing retrogressive changes, in the form of a compact lesion devoid 
of air spaces and with some enlargement of surrounding airways. Hemalum and eosin; x 25. 


surrounding lung tissue, at this stage, showed no abnormality with regard either 
to the size of the air spaces or to the fibrous components, reticulin or elastic, of the 
alveolar walls. Only occasionally were dust cells found lying free in the alveoli 


throughout the lung. In some lungs the macular lesions, while remaining quite 
discrete, showed features of retrogression which may be taken to indicate a later 


stage in the evolution of simple pneumoconiosis. The focal lesions were now 
shrunken and very compact, with no trace of vesicular structure inside them 
(Fig. 6), and the fibrous component occurred mainly in the form of fine collagen 
fibers, which were sometimes collected into small bundles. This fibrosis was greatly 
overshadowed by the intense dust pigmentation, but it appeared to be the factor 
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responsible for such lesions being just perceptible on palpation. The outlines of 
these retrogressive lesions were customarily stellate, while the surrounding and 
enclosed air spaces were emphysematous (Figs. 7 and 84). It must be emphasized 
that this emphysema was focal in character, being restricted to those vesicles in the 
immediate vicinity of the dust foci. The walls of the emphysematous spaces (where 


Fig. 7.—A, small macule with early focal emphysema. Hemalum and eosin; X 25. 
B, larger and more compact macule with focal emphysema. Hemalum and eosin; X 25. 


these were not bounded by the dust foci) were thinned, their elastic fibers being 
either completely absent or showing attenuated and poor staining properties, while 
their reticulin fibers were also thinned and much less tortuous than usual. The 
focal emphysema occurring in combination with the focal dust lesions constituted 
the most striking feature of the disease. Respiratory bronchioles were seen in the 
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Fig. 8.—A, dust macule with moderately severe focal emphysema. Hemalum and eosin; X 20. 


5. dust macules with focal emphysema, showing confluence of lesions. Hemalum and eosin; 
x 10. 
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substance as well as at the edges of some lesions, both formative and retrogressive. 
Generalized vesicular emphysema occasionally coexisted with the focal variety, but 
the latter was not obscured thereby. 

What may be interpreted as the most advanced stage of simple pneumoconiosis 
is characterized by confluence of the focal lesions (Fig. 8B). Only a few lungs 
exhibited this effect, which appeared to be the result of a progressive extension 
of the dust lesions, and more particularly of their related focal emphysema, over 
even wider areas of lung tissue. There were at this stage fairly extensive collections 
of dust with a little fibrosis (collagenous and reticular) beneath the pleura and in 
the septa of the lung, as well as along segments of the bronchoarterial tree. The 
pleural collections of dust lay mostly within the elastic layer, which, as a consequence 
of the presence of the dust, underwent a partial atrophy but was not obliterated. 
Only at this final stage could the disease in any way be regarded as diffuse in nature, 


Fig. 9.—Intra-alveolar asbestos-like bodies in a Pennsylvania anthracite miner. Perls’ stain; 
x 300. 


yet the distribution of the pigment and the fibrous tissue (now largely collagenous ) 


was still uneven. However, the focal origin of the emphysema was not always 
so clear as in the less advanced stages of the disease. There was by this time 
considerable and widespread disorganization of the elastic-tissue network of the 
lung, while knots of degenerate elastic fibers occurred in occasional dust foci. 


The incinerated and acid-treated sections of macular lesions showed that only 
a relatively small proportion of the dust particles were doubly refractile. No differ- 
ences were found between hard-coal and soft-coal workers. In the earlier stages 
of simple pneumoconiosis the total amount of dust in) each macule was less than in 
the later stages, but the proportion of birefringent particles did not appear to vary 
with the stage of the disease. 

A feature of two cases (those of American anthracite miners with early macular 
lesions) was the presence in the alveoli of structures closely resembling asbestos 
bodies in color, form, and free-iron content (Fig. 9). No particular tissue reaction 
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had been evoked, however. Similar structures have been observed in the lungs of 
other coal workers,* South African gold miners, a graphite worker,® and a talc 
worker.” In all these instances it appears that the asbestos-like bodies arise from 
the chance inhalation of a fibrous mineral. 


COM MENT 


Role of Infection—There appears to be no reason for believing that infection 
plays a part in the genesis of macular lesions. Cultural or biological studies could 
not be made on any of the material in the present series, as all specimens were 
already fixed on receipt. The histological characters of macular lesions are, how- 
ever, quite dissimilar to those of an infective process, whether active or healed, 
for the only formed elements are the dust, the phagocytes, and a minimal amount 
of fibrosis. It is therefore reasonable to attribute macular lesions to the action of 
dust alone. 

This contention receives further support from a consideration of the nature of 
massive lesions. On histological grounds it is clear that these bear no basic resem- 
blance to the macular lesions, and hence in considering the genesis of massive fibrosis 
it is logical to seek criteria of the operation of some factor (or factors) additional 
to the dust. In view of the extensive fibrosis and the foci of chronic inflammatory 
cells exhibited by them, the most obvious additional factor is a chronic infection, 
and sometimes evidence suggestive of tuberculosis is present. Massive lesions 
occurring in Ame¢rican and Scottish coal workers are in all their features similar 
to those in Welsh coal workers. In approximately 30% of such lesions in the latter 
group tubercle bacilli can be recovered on culture or on guinea pig inoculation, 
although not all of these lesions show histological evidence of tuberculosis. From 
the remainder of massive lesions in Welshmen no histological or bacteriological 
criteria of tuberculous infection can be derived. As, however, the general histologic 
aspects of such lesions are similar to those of the lesions yielding evidence of the 
response to or the presence of tubercle bacilli, it is suggested that they represent 
instances in which the bacilli have been overcome, leaving a healed lesion. It is of 
course possible that with improved methods the frequency of recovery of this 
organism will be greater. A further point favoring a tuberculous origin for massive 
lesions is their predilection for anatomical sites commonly affected by chronic 
pulmonary tuberculosis in the nonindustrial population, as first pointed out by 
Gardner * with reference to silicosis. It cannot, however, be denied that some other 
type of infection may occasionally be responsible. Accidental confluence of macular 
lesions or collapse of lung tissue in a restricted area with subsequent fusion of 
macules can hardly be invoked as prime factors leading to the development of 
massive lesions. The amount of fibrosis in massive lesions could not thus be 


4. Williams, E.: “Curious Bodies” Found in the Lungs of Coal Workers, Lancet 2:541- 
542, 1934. 

5. Williams, E.: Presence of “Curious Bodies” in the Lungs of South African Gold Miners, 
J. Path. & Bact. 48:475-477, 1939. 

6. Gloyne, S. R.; Marshall, G., and Hoyle, C.: Pneumoconiosis Due to Graphite Dust, 
Thorax 4:31-38, 1949. 

7. McLaughlin, A. I. G.; Rogers, E., and Dunham, K. S.: Talc Pneumokoniosis, Brit. J. 
Indust. Med. 6:184-194, 1949. 

8. Gardner, L. U.: Report of the Fourth Saranac Laboratory Symposium on Silicosis, 
Saranac Lake, N. Y., 1939, pp. 35-50. 
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explained, and no reason for the collapse is present, while the disposition of dust 
and connective tissue in no way suggests an origin from simple confluence of 
preexisting macular lesions. Policard, Crozier, and Martin ® invoke vascular inter- 
ference as a factor in the organization of lung tissue between dust lesions to form 
massive lesions, but the vascular changes seen in the latter are probably the result 
and not the cause of the excessive fibrosis. Accordingly, it is reasonable to regard 
the majority of massive lesions, whether in Welsh, American or Scottish coal 
workers, as infective and probably tuberculous in origin. As the infectious process 
develops, dust will accumulate preferentially in its vicinity, owing to interference 
with the lymphatic channels along which dust is transported, it being a common 
observation that pulmonary scars readily accumulate pigment. Dust already form- 
ing macules in the affected area will be disorganized and included in the inflammatory 
response. It is true that the type of inflammatory reaction is not typically tuber- 
culous, suggesting that its progression has been retarded and the extent of the 
infection limited by the dust. There is as yet no evidence to suggest that any par- 
ticular component of the coal dust is more actively concerned than the others in the 
development of massive lesions. The conclusion regarding the nature of the massive 
fibrosis in coal workers conforms to that of Gardner *° in respect to silicotic massive 
lesions, although in the latter fibrous tissue is more evident than dust and is often 
disposed in the characteristically whorled fashion, effects which may be attributed 
to the highly silicious nature of the dust. It is salutary to reflect that one of the 
Scottish physicians 'y who first recognized a form of pulmonary disease peculiar 
to coal workers suspected the participation of an infective process in addition to 
coal-dust accumulation. 

The large, hard nodules found in the vicinity of the massive lesions of coal 
workers may also be regarded as infective, since they partake of the same histological 
structure as massive lesions and, unlike the macules, rarely show surrounding 
emphysema, which, if present, is of minimal degree. The distinction between infec- 
tive nodules and dust macules has not always been fully appreciated.’ 

Full bacteriological investigation of material from a large series of cases is 
obviously required to establish conclusively the tuberculous nature of massive and 
nodular lesions in American coal workers. 


Role of Dust—Gardner,’* Miller,** and Walsh™ considered uncomplicated 
pneumoconiosis in American coal workers to be essentially a diffuse condition in 
which dust and a minimal amount of fibrous tissue collected along the lymphatic 
vessels in the framework of the lungs. The disease thus assumed a linear distribution, 
but, according to these authors, macular or nodular lesions were often present in 
addition. My investigations, on the other hand, show that the characteristic lesion 


9. Policard, A.; Croizier, L., and Martin, E.: Structure et mode de formation des blocs 
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10. Gardner, L. U.: The Pathology and Roentgenographic Manifestations of Pneumoconiosis, 
J. A. M. A. 114:535-545 (Feb. 17) 1940. 

11. Gibson, M.: On the “Phthisis Melanotica” (So-Called) of Coal Miners, Lancet 
2:838, 1834. 

12. Miller, J. W.: Pathological Findings in Anthracosilicosis, Bulletin 221, United States 
Public Health Service, 1935, pp. 69-73. 

13. (a) Gardner, L. U.: The Pathologic Reaction in Various Pneumoconioses, J. A. M. A. 
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in these men consists of focal aggregations of dust in which a limited amount of 
irregular fibrosis occurs and around which a focal type of emphysema often develops. 
Unlike massive lesions, the macular ones are universally present in coal workers’ 
pneumoconiosis, and hence they must be regarded as constituting the essential 
pathologic feature of the disease. In all these respects the condition is strictly 
comparable with that known to occur in Welsh coal workers.*° For reasons already 
given, it is justifiable to ascribe the macular lesions solely to the presence of dust. 
From a survey of the available German, French, Italian, and Russian literature it 
appears that in these countries the pathological changes characterizing simple pneu- 
moconiosis in coal workers have not yet been recognized. 

It now remains to consider whether any particular fraction of the coal dust can be 
specially incriminated. Etiological conceptions of most forms of pneumoconiosis 
have been based on present knowledge of pure silicosis, and thus free silica is widely 
held to be fundamentally responsible for the lung changes following the inhalation 
of any dust of which the silica forms even a small fraction. Such a view has been 
propounded by Sayers and associates ‘* with regard to pneumoconiosis in the anthra- 
cite miners of Pennsylvania and by Flinn and associates ** in connection with the 
soft-coal miners of Utah. Gardner '* lent the weight of his authority to the idea. 
It is probably true to say that in connection with pure silicosis the consensus favors 
the chemical hypothesis of silica action, fibrous tissue overgrowth being stimulated 
by the slow “solution” of free silica particles in the weakly alkaline body fluids. 
Gardner,'* however, has indicated the weaknesses of this view, pointing out inter 
alia that quartz particles, although relatively insoluble in the body fluids, are distinctly 
more fibrogenic than the more readily soluble silicate particles. Furthermore, King 
has found that sandstone from a Welsh coal mine, despite a high quartz content, has 
a low silica solubility in plasma although it produces a severe tissue reaction in the 
lungs of rats. Shale from the same mine contained much less quartz but had a little 
higher silica solubility than the sandstone and yet induced only slight fibrosis. As an 
alternative explanation Heffernan *° postulates that it is on the electrically unsatis- 
fied oxygen atoms of the freshly produced silicon-oxygen tetrahedra that the activity 
of free silica particles depends. On these hypotheses the simple pneumoconiosis 
of coal workers could be ascribed to free silica reduced in its chemical or electro- 
chemical activity by the other components of coal dust. Hence it might be expected 


that the pure dust lesion of coal workers would show some morphological resem- 
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blance to the classic silicotic nodule, as is implied by the term anthracosilicosis often 
used to describe the disease in coal workers. Accordingly, it is necessary to compare 
the structure of the silicotic nodule with that of the coal macule. 

The features of the simple silicotic nodule (Fig. 10), seen in the control group 
of cases, conform to the descriptions of Simson ** and Belt.2? The amount of dust 
visible in a hematoxylin-eosin preparation of a silicotic nodule is very small, but 
incinerated sections when examined by reflected light show much more, although, 
speaking generally, there is somewhat less dust in incinerated silicotic nodules than 
in incinerated coal macules of similar size. As the latter lose much of their dust on 
incineration, it is true to say that they contain more dust than silicotic nodules. 
Fibrosis is clearly extensive in silicosis and has a characteristic disposition whereas 


Fig. 10.—A, silicotic nodule from the lung of a tile worker, to be compared with the dust 
macules from coal workers previously illustrated. Elastin stain; x 25. 

B, same lesion as in A, to show the disposition of the collagenous fibrosis and the lack of 
dust. Reticulin stain; « 300. 


in coal macules fibrosis (as judged by silver impregnation) is much less, especially 
when considered in relation to the amount of dust, and if it has any particular dis- 
tribution, occurs radially. The most distinctive feature of many coal macules, 
however, is the presence of focal emphysema, which has not been found in any of 
the control cases of silicosis. On the grounds of morbid histology, therefore, it 
seems justifiable to conclude that simple silicosis and coal workers’ pneumoconiosis 
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have little in common. This conclusion is supported by experimental evidence. 
Densely fibrous nodules are readily produced in animals by exposing them to pure 
silica dust,'*® but exposing rabbits to air-borne coal dust fails to induce material 
fibrosis even after three or more years, despite the lungs’ accumulation of dust.** 

The necessity for revising the current conception of the causation of coal 
workers’ pneumoconiosis is thus apparent, and in seeking an alternative explanation 
attention was naturally focused on the major fraction of the dust which is devoid 
of free silica. Hitherto it has been held that the only function of this fraction was 
indirect and lay in its inhibitory or diluent action on the free silica. This is to neglect 
entirely the possibility of a direct action of the greater proportion of the coal dust, 
which would not be expected to reproduce the pathological features of the silicotic 
nodule. As already indicated, the coal macule does not resemble the silicotic nodule. 
The coal macule is essentially a focal aggregation of dust which has undergone 
a mild form of organization, and hence the simplest interpretation of its genesis is 
that of mechanical overloading of the lung with dust. Too much dust is inhaled into 
the lung to be evicted either by air passages or the lymphatic system, and so more 
and more dust is retained in the parenchyma. The type of reaction evoked suggests 
that coal dust, whether anthracite or bituminous, stimulates no more fibrosis than 
is necessary to immobilize it effectively. It is true that coal dust contains a small 
proportion of free silica, but on considering all the evidence whatever silica con- 
tributes to the genesis of coal macules appears to be insignificant in comparison with 
the rest of the coal dust. That coal dust itself, apart from contaminating rock dust, 
is responsible is indicated by the identity of the simple pneumoconiosis found in coal 
miners and in coal trimmers.** Trimmers do not work underground but at the 
docks, loading coal into ships so as to make them seaworthy, and thus they are 
exposed to the inhalation of dust derived solely from coal. Focal dust accumulations 
in the lungs of the town dwellers usually resemble the early ones in coal workers, 
but occasionally larger lesions with early focal emphysema occur. It is not usually 
considered that the changes in the lungs of town dwellers represent a form of 
silicosis, yet considerable amounts of silica (total) can be recovered from normal 
lungs.*° The evidence from this source may therefore be regarded as supporting 
the view that mechanical overloading of the lungs with dust is the chief factor in the 
production of simple pneumoconiosis in coal workers. It is sometimes held that 
hyalinization of collagenous connective tissue is indicative of the action of free silica. 
This phenomenon, however, commonly occurs in a variety of states in which silica 
plays no part (uterine fibroids, for instance) but in which the basic process appears 
to be one of local tissue anoxia, often associated with advancing age of the lesion. 
A similar explanation may well apply to the hyalinization of collagen in simple 
pneumoconiosis. 

Badham and Taylor,** working in Australia, gave the first clear description of 
the focal emphysema in the simple pneumoconiosis of coal workers, although 
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Gardner *’ referred briefly to emphysematous air spaces occurring in relation to dust 
lesions in bituminous-coal miners’ lungs. Cole ** illustrated the focal emphysema 
in simple pneumoconiosis, apparently without appreciating its significance. Judging 
by the appearances in Welsh miners, Heppleston ** suggested that since early dust 
lesions do not exhibit focal emphysema while more advanced lesions do, the forma- 
tion of aggregates of dust must be regarded as the initial change. Precisely the 
same state of affairs exists in the present series of American and Scottish coal 
workers. In the absence of any evidence of constriction of the airways by accumula- 
tion of dust it must be inferred, as in the case of Welsh coal workers, that the focal 
emphysema results from the force of inspiration acting on a focus of consolidation. 
As the focal emphysema becomes more severe, respiratory function will be impaired, 
and emphysema is therefore considered to be an important factor in the production 
of the dyspnea which characterizes the clinical disease and is probably the principal 
factor underlying the disability of the simple form of the disease. This conclusion 
is opposed to that of Gardner.*** Further work on the mechanism and effects of the 
focal emphysema found in coal workers is in progress. 

Although Sayers and co-workers ** and Flinn and associates * support the 
modified-silicosis hypothesis in connection with coal workers’ pneumoconiosis, an 
examination of their results suggests the possibility of an alternative explanation. 
In Pennsylvania anthracite miners the “prevalence” of pneumoconiosis increased 
in direct proportion to the atmospheric dust concentration and the duration of 
exposure when the dust contained less than 5% free silica. Among persons who had 
been exposed for more than 25 yr. to a dust concentration of more than 300 million 
particles per cubic foot of air the prevalence was 89%. A comparable duration of 
exposure and a similar concentration of dust which, for an appreciable part of the 
total exposure, contained 35% free silica yielded a prevalence of 92%. Figures for 
shorter exposures and lower concentrations are not presented. Likewise in the soft- 
coal workers of Utah the incidence of the disease bore a direct relationship to the 
duration of exposure and the dust concentration. These results seem to imply that 
the amount of dust inhaled by coal workers is of more importance in the genesis 
of their disease than the precise composition of the dust. In neither of these investi- 
gations, however, is there clear evidence that massive fibrosis is regarded as infective 
in origin, because active infection was excluded on clinical and radiological grounds. 
Separation of the simple and infected forms of the disease may show that only in 
simple pneumoconiosis does the prevalence rate bear a direct relationship to the 
degree of dust exposure. Nevertheless, one doubts whether it is justifiable to 
correlate the prevalence and severity of the disease, developing over many years 
of inhalation of dust, with the state of the environmental conditions as assessed 
over a period of only a few months, as was done in these two investigations. 

Microincineration cannot be regarded as providing accurate information about 
the composition of the dust in the tissues. The proportion of volatile pigmented 
matter is only roughly assessed by visual comparison before and after incineration, 
the residue including a variety of minerals (silicious and nonsilicious), best seen 
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by reflected light. Most of the nonsilicious residue can be removed by acid treat- 
ment, the remaining particles largely representing free and combined silica. Visual 
assessment of the proportions of these two forms of silica is not possible with 
polarized light, since silica particles in old lesions may lose their birefringency and 
silicate particles may be doubly refractile. The limitations of the method are thus 
apparent, but it has proved of some value in showing that silicotic nodules contain 
a smaller total amount of dust than coal macules of similar size. The proportion 
of doubly refractile particles, however, is higher in silicotic nodules than in coal 
macules, while only in the former may a tendency toward a whorled arrangement 
of the ash sometimes be discerned. 

Although facilities were not available for chemical analyses of material 
in the present series of cases, certain considerations are relevant. Gardner and 
Redlin ** pointed out that the total amount of dust in a lung bears little relationship 
to the extent of the tissue reaction and also that the proportion of total silica in lung 
tissue is without diagnostic significance. Accordingly, the figures for total silica in 
the lungs of Welsh coal miners,*° American bituminous-coal miners,** and Pennsyl- 
vania anthracite miners ™* should be regarded with reserve. While emphasizing that 
the free silica content (as a percentage by weight of dried lung) is the only logical 
basis of comparison, Gardner and Redlin * cited results of chemical and x-ray- 
diffraction. analyses which demonstrate that silicosis can exist in the presence of 
very small amounts of free silica. The value of such estimates is impaired by exuda- 
tive and proliferative changes in the lung which alter its specific gravity. Gardner 
and Redlin were led to conclude that chemical analysis can never supplant the 
ordinary methods of pathological diagnosis of silicosis, since disability is the result 
of morphologic alteration and susceptibility to tuberculosis. Badham and Taylor ** 
determined the free silica in the lungs of coal miners from New South Wales, and it 
is evident from their results that no correlation exists between the extent or the kind 
of pathological changes and the free silica content. On the basis of chemical and 
x-ray-diffraction analyses of the mineral matter in the lungs of workers from the 
coal fields of Wales, King and Nagelschmidt,** while favoring the silica hypothesis, 
could not definitely incriminate free silica as the major etiological factor. They also 
found that the relative concentrations of alumina and silica did not yield any useful 
information in elucidating pneumoconiosis in Wales. As, however, Hart and Aslett ** 
found a higher radiological incidence of pneumoconiosis in Welsh anthracite than 


in nonanthracite colliers, the possibility that there is some etiological association 


29. Gardner, L. U., and Redlin, A. J.: The Significance of Chemical Examination in the 
Diagnosis of Silicosis, J. Indust. Hyg. & Toxicol. 24:125-130, 1942. 

30. Cummins, S. L., and Sladden, A. F.: Coal Miner’s Lung, J. Path. & Bact. 33:1095-1132, 
1930. 

31. Jones, R. H.: Pneumonoconiosis Encountered in Bituminous Coal Miners, J. A. M. A. 
119:611-615 (June 20), 1942. 

32. Badham, C., and Taylor, H. B.: Coal Miner’s Lung, M. J. Australia 1:511-524, 1933; 
Footnote 26. 

33. King, E. J., and Nagelschmidt, G.: The Mineral Content of the Lungs of Workers from 
the South Wales Coalfield, Medical Research Council, Special Report Series, No. 250, London, 
His Majesty's Stationery Office, 1945, pp. 1-20. 

34. Hart, P. D’A., and Aslett, E. A.: Chronic Pulmonary Disease in South Wales Coal- 
miners; Medical Studies, Medical Research Council, Special Report Series, No. 243, London, 
His Majesty’s Stationery Office, 1942, pp. 71-97. 


| 

| 

: 


288 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


between the quality of the coal apart from silica (i. e., the rank of the coal) and the 
incidence of the disease cannot be eliminated. This possibility can be no more than 
a factor in view of the pathological identity of the dust lesions of hard-coal and soft- 
coal workers. The value of much of the chemical work appears to be reduced by the 
lack of a clear distinction between the simple and infected forms of the disease. A 
more promising line of inquiry seems to be that of analyzing the mineral matter from 
particular types of lesions carefully excised from the uninvolved lung parenchyma. 


SUMMARY 


Pneumoconiosis in American hard-coal and soft-coal workers and in Scottish 
coal workers manifests two distinct forms, the simple and the complicated. Simple 
pneumoconiosis is characterized by soft dust macules, fairly evenly disposed through- 
out the lung substance and showing little fibrosis amongst a large amount of dust. 
Focal emphysema often occurs in relation to dust macules and is a striking feature 
of this form of the disease. The universal presence of the macular lesion indicates 
that it represents the essential pathological change. Evidence is presented suggesting 
that simple mechanical accumulation of dust, rather than the activity of free silica, 
is the main factor in the genesis of simple pneumoconiosis in coal workers. There 
is no evidence of the operation of any agent other than the dust. 

The complicated form of pneumoconiosis occurs sporadically and manifests itself 
as densely fibrous and pigmented masses in which colliquative necrosis or tuber- 
culosis may be present. The complicating factor is probably infective in all instances, 
and evidence is advanced for regarding the infection as being tuberculous. 


In all respects there is a close correspondence, amounting to identity, between 


the pneumoconiosis of Welsh and that of American and Scottish coal workers. It 
is suggested that the term “‘anthracosilicosis” should be replaced by the nonspecific 
designation “coal workers’ pneumoconiosis.” 


Material was supplied by Brig. Gen. R. O. Dart, Drs. D. Salkin, A. J. Vorwald, J. F. 
Drapiewski, J. Foldes, C. R. Tuthill, S. R. Haythorn, W. C. Dreessen, W. Putschar, B. L. 
Gordon, and W. R. L. James. Messrs. T. J. H. Cooke and J. P. Napper rendered technical 
assistance, while Professors J. Gough and Esmond R. Long afforded me their criticisms and 
Dr. Raymond Hussey his help. 
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Abstracts from Current Literature 


Industrial Toxicology 


Carson Monoxipe. J. L. LirientHat Jr. J. Pharmacol. & Exper. Therap. 2:324-354 
(appearing as Pt. 2) 1950. 


This is an extensive review of the literature on the biological effects of CO, and an attempt 
to clarify the existing knowledge. Of the analytical methods, that developed by the Gas 
Chemistry Section of the United States National Bureau of Standards, based on the palladium- 
sulfate-ammonium-molybdate reaction on silica gel, is recommended for its high accuracy and 
simplicity. The biological effects of CO on highly specialized functions, depending on the 
affinity of many tetrapyrrole respiratory pigments for CO, are considered, in addition to its 
better known alteration of the oxygen-hemoglobin system. Observations on the metabolism of 
CO, using modern analytical and radioactive techniques, have suggested that some CO is 
converted to COs and that there may be some endogenous formation of CO. 

Knowledge of the relations between CO, Os, and hemoglobin is still based on the original 
observations of Douglas and the Haldanes on equilibrium conditions obtaining when hemoglobin 
was exposed to a gas mixture containing CO and Ons, but further studies with more precise 
measurements have provided evidence of the impairment of function in man produced by small 
amounts of CO. 

Symptoms of CO poisoning—headache, lassitude, and drowsiness, faintness, nausea, and 
dyspnea on exertion—becomes definite when blood concentration of COHb rises to about one- 
fourth saturation and above, but there is much individual variation in subjective susceptibility. 
There is ample indirect evidence that CO tolerance and “acclimatization” occur, but the 
mechanism responsible remains unexplained. 

Compensatory respiratory response to CO is not effected by reduction of hemoglobin available 
for oxygen transport but possibly by reduction of oxygen tension. 

Circulatory disturbance may be due to local damage of cardiovascular structures as well as 
to simple anoxemia. Peripheral and central neural lesions producing a wide variety of neuro- 
logical and psychiatric syndromes have been attributed either to direct neuronal damage or to 
vascular influences or both; the author believes that both causes operate but that the operating 
mechanism is not clear and may be primarily that of anoxia. 

Special effects recorded include polycythemia, disturbance of endocrine organs, inhibition of 
gastrointestinal motility, and hyperglycemia, but these are regarded as a general effect of 
hypoxia rather than a specific effect of CO. The use of “carbogen” (7% COs in Oz) combined 
with artificial respiration, is still considered the best form of immediate therapy; the benefit of 
methylene blue and intravenous injection of procaine is questionable. 


EtrHet Browntnc, London. 


SOLVENT TOXICITY, WITH PARTICULAR REFERENCE TO CERTAIN OctyL ALCOHOLS AND 
Droxanes. Norton NeEtson, Pu.D., M. Bull. 11:226 (April) 1951. 


The intrinsic properties of organic solvents are discussed in relation to their toxicological 
effects. The results of preliminary tests of the toxicity of dimethylmetadioxane as compared 
with paradioxane are evaluated, and the relative toxicity of the meta isomer is obtained. The 
effects of ingestion were studied on the rat and the rabbit; those of inhalation on the rat, and 
those of skin penetration on the rabbit. It is tentatively concluded that these two solvents are 
of equal toxicity by ingestion and skin penetration, but that the meta isomer is about twice as 
toxic by inhalation. 

The results of a similar study on the toxicity of a new octyl alcohol (designated isooctyl 
alcohol) as compared with 2-ethyl hexanol indicate that the two are of equal toxicity by 
ingestion and skin penetration. The preliminary inhalation studies on rats indicate a very low 
toxicity. A series of standard patch tests for skin reaction on humans indicated that both 


solvents may be classed as mild primary irritants. C. E. Bruzines, Boston. 
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InpustTRIAL Hycrene. H. H. Scurenk, Indust. & Engin. Chem. 43:111A (June) 1951. 


Three recent articles on acid gases and mists are reviewed. 1. Concentrations of NOz and 
NO in air during electric arc welding are dependent on voltage, amperage, and type of rod 
(bare or coated) burned, so that the amount of NOs: generated can be controlled largely by 
proper welding conditions. 2. Clinical studies of a group exposed daily to sulfur dioxide concen- 
trations ranging from 0 to 25 ppm, with occasional figures as high as 100 ppm, for one to 19 
yr. indicated no adverse effects on health when the group was compared with a control group of 
equal size (135 men). 3. Mortality data for four common species of small laboratory animals 
exposed to a range of sulfuric-acid-mist concentrations over varying intervals of time are com- 
pared with similar data for hydrochloric and hydrofluoric acids. Mi. W. Finer. Boston. 


ToxicoLocy or Pyripine: I. ESTABLISHMENT OF A METHOD FOR DETERMINATION APPLI- 
CABLE TO AIR AND BIoLoGICAL MATERIAL. R. FABRE, R. TrRuHAvuT, and H. HersBert, Ann. 
pharm. Franc. 8:773-788, 1950. 


As a prelude to a toxicological study of pyridine, the authors have perfected a photometric 
method of determination based on the color given with cyanogen bromide in the presence of 
benzidine. This method, with a sensitivity of the order of 1 y per 1 cc., can be applied to atmos- 
pheres after they have been collected in an aqueous solution of acetic acid or to complex 
biological materials which have been steam-distilled in the presence of 30 gm. of calcium chloride 


per 100 cc. R. Trunwavt, Paris, France. 


NEPHELOMETRIC MICROPETERMINATION OF CADMIUM PRECIPITATED AS THE IODOCADMIATE OF 
Brucine: CoNpDITIONS OF APPLICATION IN ToxicotoGy. R. Fasre, R. TRuHAUT, and 
C. Bouptne, Ann. pharm. Frang. 9:30-50, 1951. 


After critical examination of methods proposed for the determination of cadmium in 
toxicology, the authors developed a nephelometric method based on the technique of precipitating 
cadmium as the iodocadmiate of brucine under suitable conditions of hydrogen ion concentration 
(pH optimum = 5) and cadmium concentration (0-20 Y per 3 cc. solution analyzed). In apply- 
ing this method to biological material, the organic matter is destroyed in a way to avoid loss of 
cadmium by volatilization, and the toxic element is separated by being co-precipitated as the 
sulfide in the presence of copper, which is then eliminated owing to the solubility in chloroform 


of the complex it gives in an acid medium (pH 5.2) with cupferron. 


R. Truwavt, Paris, France. 


PoIsONING BY Pyripine. A. Meyer, Ztschr. Unfallmed. u. Berufskrankh. 43: 144-149 (June 15) 
1950. 


Pyridine poisoning is rare in view of its widespread use in industry, and early authorities 
have assumed that it is relatively nontoxic. Cases recently described include some from industrial 
pyridine, which contains compounds with one, two or three methyl groups (picoline, lutidine 
and collidine), from pure 99% pyridine, and from aminopyridine, the last being more rapid 
in action, producing symptoms after three hours’ exposure. The author describes a case, with a 
history of 13 years’ exposure, in which nervousness, insomnia, giddiness, pain, and weakness 
of the limbs and generalized tremor were followed by sudden anuria, due to paralysis of the 
bladder. Babinski and Romberg signs were present, and the symptom complex resembled that 
of tabes, but there was no optic atrophy and the Wassermann reaction was negative. Other 
cases of severe poisoning, described by Ludwig, have shown a picture resembling Wernicke’s 


disease (superior hemorrhagic polioencephalitis). In the author's case thiamine produced con- 


siderable improvement, and he suggests that pyridine may act as an “anti-vitamin,” injuring 
the metabolism of thiamine. He urges the need for further investigation of the problem. 


ADAPTATION OF ABSTRACT BY ETHEL BROWNING. 
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ABSTRACTS FROM CURRENT LITERATURE 


Medicine and Surgery 


THe HEALTH ENGINEER AND INDUSTRIAL MEDICINE: THe INpbuUstRIAL HEALTH TEAM. 
M. E. M. Herrorp, Chem. & Ind. No. 25, 470-472, June 23, 1951. 


A résumé is given of the development of industrial health engineering in America. The 
necessity for both engineers and medical men and of teamwork between them is stressed. The 


program at Slough Industrial Health Service is discussed. Many: ©: Aisevia: Bete 


INDUSTRIAL HyGiENE. INpUsTRIAL HyGIENE FouNDATION, Indust. & Engin. Chem. 43:95A 
(April) 1951. 


It is essential that management undertake periodic medical audits to be certain that standards 
are maintained. A medical audit covers the entire medical department of a company, its 
facilities, and its administration and reveals pertinent information on (1) caliber of professional 
personnel, (2) available medical facilities, (3) number of persons treated, (4) procedures used 
in physical examinations, (5) laboratory facilities, (6) manner of keeping records, (7) type of 
work done in various departments of the plant. 


SHELDON K. FriepLANDER, Cambridge, Mass. 


Tue Rote or Pertopic EXAMINATION IN THE PREVENTION OF COALWORKERS’ PNEUMO- 
contosis. A, L. C. M. Fietrcuer, J. C. Grrson, and P. HuGu-Jones, Brit. J. 
Indust. Med. 8:53-61 (Jan.) 1951. 


A system of periodic x-ray examination of coal workers appears to be the most practical 
approach to decreasing the incidence of disabling coal workers’ pneumoccniosis. Radiological 
evidence of pulmonary involvement antedates lasting injury and would serve to indicate where 
coal-dust levels are dangerous and what safe levels are. 

A radiological classification of coal miners’ pneumoconiosis includes (1) simple pneumo- 
coniosis, characterized by small discrete foci of increased density; (2) progressive massive 
fibrosis with larger nodules of fibrosis, and (3) complicated pneumoconiosis, a combination of 


the former two groups. The latter two groups cause severe decrease of pulmonary function 
whereas the first causes only slight improvement. Minimal simple pneumoconiosis is unlikely 
to progress with decreased coal-dust exposure. 


However, advanced simple or progressive 
Massive pneumoconiosis progresses regardless of continuing exposure. 
The authors feel that through such a scheme of periodic x-ray examination workers may be 


better protected. A pilot scheme is described and discussed. : “ 
Arnotp A. Lear, Boston. 


Environmental Conditions 


BACTERIAL CONTAMINATION OF THE AiR IN Boot AND SHOE FACTORIES. 


Ann Hircu, Brit. J. 
Indust. Med. 8:8-13 (Jan.) 1951. 


The author states that A. Stewart and J. P. W. Hughes (Brit. M. J. 1:926, 1949) showed 
a greater prevalence of tuberculosis in larger shoe factories than in smaller ones. With this in 
mind she estimated the general bacterial contamination of the air in 36 shoe factories and found 
a greater bacterial count in larger factories, perhaps correlated with area per worker. Depart- 
mental differences were also noted. 


A. Lear, Boston. 


Determination of Air-Borne Contaminants 
Tue Errect or ADHESIVE FILM THICKNESS ON THE SAMPLING EFFICIENCY OF THE Konr- 
METER. R. J. HAmILton, T. WaAtNwricut, and W. H. Watton, Brit. J. Indust. Med. 
8:14-21 (Jan.) 1951. 


The authors describe an improved technique for preparing uniform petroleum-jelly films 
on konimeter slides. A film thickness of 1 # decreases the sampling error of the konimeter by 


diminishing the shattering and rebound of coal-dust particles. 
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Tue IDENTIFICATION OF MINERAL Dusts By STAINING. (REPRINTED.) G. PFEFFERKORN, 
Forsch. u. Fortsch. 25:94-96 (April) 1949. 


Ordinary optical methods of identifying minerals are not satisfactory for fine particles under 
about 5 u in size. It is possible, however, to stain many mineral particles in a characteristic 
way, so that their nature is plain even when they are as small as 0.7 u. In certain cases, by 
using ultraviolet illumination and looking for fluorescence, stained particles can be recognized 
which are smaller than the limit of optical resolution. 

This paper gives a general account of staining methods, without actually detailing a scheme 
of analysis, and includes some useful references. The principles underlying staining with dyes 
and chemicals are reviewed, and attention is drawn to various sources of error. 


Tue MEASUREMENT AND EXAMINATION OF INDUSTRIAL DUST WITH SPECIAL REFERENCE TO 
X-Ray ANALYSIS as A Toot IN MepicaL ResearcH. H. Gartner, Schrift. Hyg. Inst. 
Landesuniver. in Miinster, 1947. 


The effect on the lung of the inhalation of dust can be described under three headings. In 
the first group no reaction is produced; dust pockets are formed in which the particles lie 
inertly, and some may be eliminated. Under the second heading are classified the dust pneu- 
monias in which an inflammatory tissue reaction is seen. These are caused by organisms, 
although inhalation, probably of special kinds of dust, is necessary in conjunction. Predisposition 
and environmental factors are important, and mortality is high, though there is a chance of 
complete recovery from an acute attack. In chronic infections the irreversible formation of 
secondary connective tissue may occur at sites of inflammation, with corresponding loss of 
vital capacity. 

The third type of reaction is the stimulation to grow new connective tissue, which is known 
as pneumoconiosis or lung fibrosis. Two forms, diffuse and nodular, are recognized. The latter 
is strongly typical and is caused by the inhalation of dust containing a high percentage of free 
silica; when the exposure is intense, it is associated with early incapacity and a high incidence 
of disease. 

Diffuse lung fibrosis starts with thickening of the alveolar walls and proceeds to glandlike 
organization of the alveoli and the growth of disseminated fibrous tissue. This is associated 
with dust of varied composition, some free from silicon, some containing silicates, and some 
with a small percentage of free silica. The transition from harmless lung-dusting to definite 
disease depends on many factors which are far from being understood. Atypical nodules are 
found in some cases when the dust particles are needle-shaped, as in asbestosis. There is also 
a transition from diffuse fibrosis to silicosis. In general the progression to disease is slower than 
in silicosis and the incidence is lower. Association with other pathological lung conditions is a 
complex problem. One wonders if the essential stimulation to lay down fibrous tissue in 
the case of some dusts is not fundamentally organic, the dust particles acting as catalyst. 

These, then, are the effects of dust; this book summarizes the methods which have been 
used in the attempt to describe dust. 


The quantity must first be determined, and then the quality. Particle, size distribution, particle 
shape, and, composition are required. Consideration of the act of sampling and of the demands 
of analytical techniques on the research worker are necessary. Time must be spared to chase 
those elusive ideals, the universal dust-measuring instruments and the standard technique. 


Many kinds of dust samplers are described, and useful practical comments are made, though 
no attention is given to detailed principles of their mode of action, which are important in 
understanding when to use and when to avoid a given instrument. Neither is the manner in 
which the particles flow into the sampling instrument discussed in any detail. 


The rest of the book is devoted to the examination of the dust sample. Sedimentation 
under gravity and by centrifuging are briefly mentioned as methods of size analysis, and there 
is a longer account of the identification of minerals according to their densities by immersion 
in heavy liquids. The measurement of refractive index by immersion and identification by 
staining are also treated. The only chemical methods of analysis dealt with relate to the 
determination of silica, for which several processes are briefly outlined. 
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In a few pages given up to the examination of lung tissue, some interesting ways of recog- 
nizing particles under the microscope are referred to. These include suppression of contrast 
in the image of the tissue by mounting in bromobenzene, which has about the same refractive 
index as cytoplasm; staining with auramine makes particles fluoresce in ultraviolet rays, and 
modifications of dark-ground illumination are alluded to. Chemical treatments for the isolation 
of lung dust are listed. 

Finally, some 30 pages are employed to give an account of x-ray diffraction by crystals and 
its application to mineral analysis, particularly in lung residues. 

[The book contains a large number of references which are grouped together at the end. 
These are well worth having, but their value would be enhanced if they were more specifically 
associated with the text. The treatment of the subject lacks balance but there is a lot of useful 


information in this volume.] C Davin: 


Ventilating, Air Conditioning and Engineering Control 


Arr ConDITIONING oF Hot LABoRATORY AT BROOKHAVEN Atomic Pitre. J. D. Wotcort, Heat., 
Piping & Air Conditioning 23:69 (June) 1951. 


The building is divided, according to the degree of radioactivity, into three major areas, i. e. 
(1) hot, (2) semihot, and (3) cold, and the general air flow is maintained from cold to hot areas. 
No air is recirculated, and the exhaust from the building is decontaminated by scrubbing towers 
and/or CWS filters prior to discharge from a 325-ft. (99 m.) stack. All supply air is filtered 
and tempered in winter, and cooling and humidity control are provided in some areas, such 
as the counting room. To make sure that no air flows from hot to less-contaminated areas, 
four stand-by 5,500-cfm exhaust fans located in the hot areas are designed to turn on automatically 
when the static-pressure differential between the hot and cold areas falls below a set point. 
In addition, automatic controls maintain static pressures in all exhaust ducts at greater than 
¥Y, in. (1.2 cm.) of water negative pressure. From 30 to 40 cfm of highly contaminated air is 
vented from each hot and semihot cell by way of stainless-steel drains to caustic scrubbers and 
CWS filters. One of the objectives was to design an installation that would serve as a model 
for future hot facilities, and presumably detailed specifications are available. 


M. W. First, Boston. 


ATMOSPHERIC PoLLutTion. Lours C. McCase, Indust. & Engin. Chem. 43:87A (May) 1951. 


Reports from Detroit, Pittsburgh, and Cincinnati indicate considerable success in the control 
of atmospheric pollution. In Detroit, approximately $14,000,000 has been committed for control 
equipment by industry as a result of investigations and corrective measures initiated by the 
Bureau of Smoke Prevention and Abatement. Illegal emission of smoke is relatively rare, 
evidenced by the fact that smoking stacks are seen infrequently in the city. However, many 
types of emission are at the nuisance level, a state for which there are no acceptable remedies. 

Pittsburgh reports a decrease of 51.6% in total hours of smoke per year from 1945 to 1950. 
The average monthly dustfall decreased from 55 tons/sq. mi. in 1948 to 49 in 1950. In Cincin- 
nati the total annual dustfall was reduced last year from 30.4 to 29.0 tons/sq. mi. Tables are 


given showing hours of smoke in Pittsburgh each month and dustfall measurements in Cin- 
= SHELDON K. FRIEDLANDER, Cambridge, Mass. 


ATMOSPHERIC Pot.ution. L. C. McCase, Indust. & Engin. Chem. 43:105A (June) 1951. 


McCabe describes methods for fluxing radioactive incinerator residues with molten sodium 
hydroxide. This procedure eliminates the handling of dry ash and wet collection methods and 
permits ash to be transferred to a final disposal point in a compact convenient form. At 1,000 
F. NaOH will dissolve 30 to 50% of its weight of ash, so that 2,500 pounds of combustible 
waste containing 1% ash may be handled by a 100-lb. charge. Ordinary carbon steel is a 
suitable construction material. 

An automatic sampler for air-borne particulates is described which may be used to collect 
successive hourly samples of 25 to 40 cu. ft. over a long period with a minimum of servicing. 
Particulate material is retained on Whatman No. 52 filter paper. iW Paice, Dae 
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Dry Frsrous Arr Fitter MepiA: PERFORMANCE CHARACTERISTICS. E. STAFFoRD and W. J. 
SmitH, Indust. & Engin. Chem. 43:1346 (June) 1951. 


Performance characteristics of (1) asbestos-containing cellulose filter papers, (2) 1.3 and 
3.0 u diameter glass-fiber beds, and (3) analytical ash-free filters are compared. Efficiency tests 
were made with atmospheric dust and 0.3 « diameter droplets of dioctyl phthalate. After a short 
initial period for plugging, asbestos-containing papers (developed for the government during and 
after World War II) remove more than 99.99% of the above particulates at a flow rate of 
5 cfm/sq. ft. of medium and resistance of approximately 1 in. HO gage. When preceded by an 
electrostatic precipitator or prefilter, these papers have reasonably long life and are suitable for 
bomb shelters, for removing toxic dusts and fumes of industrial origin, and for producing 
bacteria-free and dust-free atmospheres. 

A 1-in. thickness of the smaller-diameter glass-fiber medium (1.3 #) was 99.4% efficient 
(by count) for atmospheric dust at a flow rate of 27 cfm/sq. ft. and resistance of 1.5 in. H2O 
gage while, for this same aerosol, Whatman No. 42 filter paper was 6.5% efficient at a flow 


rate of 30 cim/sq. ft. and resistance of 5.0 in. H.O gage. MW. Fier. Bostos 


OPERATION OF COTTREL PRECIPITATORS: EFFECTS OF MOISTURE AND TEMPERATURE. W. T. 
SprRouLL AND Y. NAKApA, Indust. & Engin. Chem. 43:1350 (June) 1951. 


This study indicates that high and low temperatures are better for electrostatic-precipitator 
operation than intermediate temperatures around 200-300 F. When the resistivity of the collected 
dust layer exceeds 101! ohms per 1 sq. cm., arcing and “back discharge” will occur and result in 
abnormal power consumption and serious loss in dust-collecting efficiency. Below 300 F. increases 
in moisture content and decreases in temperature result in lower resistivity of the dust layer 
through greater adsorption of water molecules, which render the surface conductive. Above 
600 F. the effect of moisture is negligible and current is conducted through the interior of the 
particles by either electronic or ionic processes. 

Aside from the effect on dust resistivity, increased moisture in the conveying air streams tends 
to quench the corona discharge and increase sparking potential, while increased temperature has 


the opposite effect. M. W. First, Boston 


COLLECTION OF AEROSOLS IN A VENTURI SCRUBBER. F. O. EKMAN and H. F. JoHNSTONE, 
Indust. & Engin. Chem. 43:1358 (June) 1951. 


The collection efficiency of a laboratory model was investigated with oil droplets of three 
different sizes and with three different methods of water injection. Collection efficiency was 
greater with the larger particle size; it decreased somewhat as concentration decreased. Collec- 
tion efficiency was substantially higher with radial water injection than with axial injection. 
Pressure drop across the Venturi increased with increased water rate and was highest with 
radial inward injection, lowest with axial, and intermediate with radial outward injection. In 
the high-collection range (greater than 90%) efficiency is proportional to pressure drop, and, 
within limits, equivalent results may be obtained by decreasing Venturi throat velocity and 
increasing water rate, or vice versa. Included are representative data on field performance 
with full-scale collectors and aerosols containing sulfuric acid mist, silicon dioxide fume, iron 
oxide, etc. Efficiencies ranged from 52.4% with SiO» fume to greater than 99.9% with HsSO, 
mist. M. W. First, Boston. 


PERFORMANCE OF Wet CELL WASHERS FoR AEROSOLS. M. W. First, R. L. 
SILVERMAN, and E. Berty, Indust. & Engin. Chem. 43:1363 (June) 1951. 


Tests indicate that the coarse-fiber cells commonly used in wet-cell washers are ineffective 


for removing fine insoluble particles from an air stream and that efficiency is not significantly 
improved by wet operation. The pressure drop was found to increase with bed depth, wetting, 
face velocity, and packing density and to decrease with large-diameter fibers. 


The large wetted area of the fibers presents a favorable situation for gas absorption, and 
the most effective use of wet washer cells for air-cleaning service may lie in this direction. 


M. W. Frrst, Boston. 
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ABSTRACTS FROM CURRENT LITERATURE 


Accidents and Their Prevention; Protective Equipment 


SPEED AND Loap STRESS IN A SENSORI-MotTor Skit. R. Conran, Brit. J. Indust. Med. 8:1-7 
(Jan.) 1951. 


Conrad describes an experiment designed to study the effects on skilled performance of 
increases of speed (the rate at which display changes occur) and load (the number of independent 
streams of signals which comprise the changing display). He finds that errors of omission 
increase in a logarithmic form with increased speed and load; increasing the load increases timing 


errors. 
Arnotp A. Lear, Boston. 


Some Aspects or INDUSTRIAL INJURY PREVENTION. A. UytTpENHOEF, Internat. Labour Rev. 
63: 266-278 (March) 1951. 


A review of industrial accidents occurring in Belgium in 1946 and 1947 indicates a constantly 
increasing hazard of industrial accidents and occupational diseases. Although laws and regu- 
lations governing employment and accident prevention exist, they are incapable of ensuring 
adequate control because of the failure of employers to comprehend the need for satisfactory 
precautions. In order to improve understanding, more attention must be paid to the teaching 
of industrial hygiene in schools; only then can occupational disease and accidents be diminished. 


ARNOLD A. Lear, Boston. 


Radioactive Substances and X-Ray 


THe CHARACTERS AND TREATMENT OF RADIOACTIVE WASTE WaTER. F. Srerp, Gesundh. 
Ingenieur 70:337-341 (Oct.) 1949. 


The health engineer has a difficult task to perform in dealing with waste radioactive water ; 
nobody wants it, but to discharge it into the rivers would be unpardonable. The present article 
deals with the water wasted in the processes operating in the preparation of radioactive isotopes. 
Fortunately for designers of safety measures, these are, with few exceptions, substances of fairly 
short “half-life” ; carbon which emits beta rays in the exception, with a half-life of about 5,000 yr. 
Phosphorus and iodine are those of chief medical interest, and they have “half-lives” of about 
14 and eight days, respectively. 

The author advises for most working conditions (not with carbon, however) that the water 
be stored in large tanks to allow its radioactive contents to diminish to a safe low level. The tests 
for the latter purpose are carried out on the spot with Geiger counters suitably housed in a 


structure rigidly attached to the storage tanks. S. Riss. 
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News and Comment 


BULLETIN OF HYGIENE REPRINTS 


In response to a request received from a group of industrialists representing the mining and 
metallurgical mdustries of Great Britain (Joint Committee of the Institution of Mining and 
Metallurgy and the Institution of Mining Engineers in Great Britain), the Bureau of Hygiene 
and Tropical Diseases has begun in 1951 to issue as a separate reprint, under the title Bulletin 
of Hygiene Reprints, the sections of its Bulletin of Hygiene which deal with “Atmospheric 
Pollution,” “Occupational Psychology,” “Physiology as Applied to Hygiene” and the “Hygiene 
of Buildings.” Thus the abstracts in these sections will be made more readily available to 
industrial engineers, works managers, welfare officers, and others in industry who are directly 
concerned with the well-being and efficiency of workers but who, as nonmedical men, are less 
concerned with the other sections of the Bulletin of Hygiene which relate to preventive medicine 
generally, including communicable diseases, and bacteriology and immunity and related subjects 
of public health interest. The subscription price for the 12 monthly issues of the Bulletin of 
Hygiene Reprints, from January to December, sent to the U. S. A. post free, is $3. 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
Newsletter, Aug. 1, 1951 


For many years the Wisconsin State Medical Society, in cooperation with the Industrial 
Hygiene Unit of the Wisconsin State Board of Health, has actively promoted an industrial 
health program. Since 1942 the Committee on Industrial Health of the Wisconsin State Medical 
Society has sponsored special clinics through which physicians, industrial nurses, and plant 
management have met together to discuss problems of common interest. During the past six 
years this program has utilized plants for tours and direct observation of industrial processes 
and safety and health measures employed, and for a study of accident records in selected 
industries. 

This past year the plant tours were held in three communities—Menasha, Milwaukee, and 
Manitowoc. At each clinic the attendance was excellent, interest was sustained, and favorable 
comments were received. The attendance at each of the clinics is indicated below: 


Plant 

Industrial and 
Clinic Site Date M.D.’s Nurses Others Total 
Marathon Papers Co., Menasha April 5 67 33 168 
Allis Chalmers, Milwaukee April 19 79 53 215 
Aluminum Goods ) 


72 7 
Shipyirds J Manitowoc May 24 87 40 159 


Total 233 126 : 542 


The major cost of these clinics, as in the past, was underwritten by the Industrial Hygiene 
Unit of the Wisconsin State Board of Health. The other revenue consisted of a small portion 
of the registration fee of $4 not required for the attending dinner and service. 

The Committee on Industrial Health of the Wisconsin State Medical Society, under the 
chairmanship of Dr. D. E. Dorchester, Sturgeon Bay, and the secretaryship of Mr. Roy T. 
Ragatz, of the State Medical Society, Madison, is already planning another series of clinics 
for 1952. Mr. Ragatz comments that this phase of the Wisconsin State Medical Society’s 
postgraduate teaching program has been very successful in the past and should be continued. He 
further observes that there is a great need to develop a realistic health program for the small 
plant, as to date the clinic programs have been developed around the large plant, with full-time 
nursing service, good first-aid facilities, and an over-all employee health program. It is the 
hope of the Committee that during the next several years more attention can be directed to 
development of industrial health services on a sharing basis to meet the needs of the small plant. 


J. F. McCauan, M.D. 
Assistant Secretary. 
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World-wide USE 
World-wide 


CHLOROMYCETIN’s world-wide reputation stems from its a 
ity to produce rapid clinical response in a wide variety of inf 
tious diseases—bacterial, viral and rickettsial. Numerous re 
and the experience of daily practice confirm its 


clinical efficacy + high tolerance 
wide spectrum «+ high blood levels 


CHLOROMYCETIN, a pure crystalline compound of d 
molecular structure, is the only antibiotic produced on a practi 
scale by chemical synthesis. This unique feature means unvaryi 
composition for dependable therapeutic results, freedom fr 
extraneous material, and infrequent side effects. 


CHLOROMYCETIN (Chloramphenicol, Parke-Davis ) is supplied in Kapseals® 
of 250 mg., and in capsules of 50 and 100 mg. 
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SURGICAL USES: 


as dressing for 


burns abrasions athletic injuries 
circumcisions * carbuncles « leg ulcers 
plastic surgery * many other traumatic 
or surgical wounds 


as pack | 
abdominal incisions hemorrhoidectomy 4 
compound fractures osteomyelitis 4 
pilonidal cysts many other indications ‘ 
for non-adherent packing 


as drain following 


appendectomy * tenosynovitis 
forearm incision + closed chest drainage 
intta-abdominal abscess cholecystectomy 


auxiliary to closed-tube drainage 
many other incisions and discharging wounds 


TWO SIZES: each six envelopes to the carton 
UNIT ENVELOPE — one 3°x36" dressing @ Petrolatum Gause Dressing 
DUPLEX ENVELOPE-—two 3”x18” dressings 
Available through your regular source of supply 


CHESEBROUGH MFG. CO., CONS’D 
Professional Products Division 
NEW YORK 4, N.Y. 


Ste rl le 


St NST 


a» 
= 
q | 
at. 


A valuable adjunct to the dietary regimen is 
DeEsoxyN Hydrochloride—to dull the sensation of 
hunger, buoy the spirits, help make the patient a 
better match for temptation. Weight for weight, 
DESOXYN is more potent than other sympathomi- 
metic amines so that smaller doses can produce the 
desired anorexia. With the recommended dosage 
there is seldom any side-effect or feeling of ‘drug 
stimulation.” One 2.5-mg. or 5-mg. tablet before 
breakfast and another about an hour before lunch 
are usually sufficient. In addition, DEsoxYN has a 
faster action, longer effect. Try it—in obesity and in 
-other-conditions indicating 


an effective central stimulant. Obbott 


Prescribe 


DESOXYN’ 


Hydrochloride 


(METHAMPHETAMINE HYDROCHLORIDE, ABBOTT) 
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